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" 4ii. FOREWORD - . ”

¢

Although engineering education has been one of the most stddied
activities in the educational field, the primary objectives of this
study emphasize the relationship between the education of engineers,
the State requirements for Ticensing of engineers to .protect the )
public, and the practice of engineeriny. .It has illuminated some of
the principal elements of the total profession of engineering.

The National Science Foundation.awarded a grant to the Commission on
Postsecondary Education of California to examine the interrelation-
ship between education, Ticensing and engineering practice with the
“intent of identifying a mechanism for the continuous monitoring and
evaluating.of these processes. ‘

The study was conducted over a fourteen-month period. ‘it\{fglyded an
extensive review of several large gﬁgineering projects tha®-ad
achieved public recognition. These projects were then analyzed to
identify the major elements or "fields of uhderstanding" that become
integral parts of the project and decision-making process. In light
of the broad nature of ergineering practice,_the basic curricula in
engineering education was evaluated, and 't ttitudes of students,
faculty, and industry were surveyed. The g?gtory. nature, and presen

status of engineering registration were also reviewed, and the poten-

tial for major changes in registration practices was evalyated.

A mechanism for continuous evaluation of this critical professional
field was proposed to provide’assistance to, both' the Commission on

°

t .
.

Postsecondary -Education and the  Board of Registration for,Professionai" & *

Engineers in California. i .

The findings and recdmmendations of this study are ﬁresented_to stimu-

late critique and thought concerning the education and training of
" engineers and the establishment of minimums, in terms of State ]icen-
sure, for the protection of the public health, welfare, safety and
good. - It is hoped that the basic areas of knowledge, or "fields of
understanding" identified and defined in this study will become the
criteria for, and serve as the mechanism for the implementation of,
continuous program evaluation and review in the development of engi-
neering education programs.. It is further hoped that the results of

* .

this study will serve as an aid in the effective correlation of degree

requirements with registration and Ticensing practices.

"y .

xi
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IT. PROGRAM DESCRIPTION

, ¢ e

The general public, and public policymakers have become increasingly
aware that technology affects nearly every aspect of modern 1ife.
Whether it is in the design anggeonstruction of a road or a nuclear
power plant, the development o2 new aircraft or missile system, or
the production of consumer goods, engineering practice directly affects
public health, welfare, safety and good. Public policy has.been estab-
lished in many critical areas where a need.for protection of the public
has been' demonstrated. A few examples are the Professional Engineers'
Registration Act, the Environmental Protection, Act, the California
Environmental Quality Act, the Occupational Safety and Health Act,

and the Product Safety Act. : ’

The actions of policymakers have added many legalities gEd nontechnical
considerations to the practice of engineering so that engineers must a
have ‘not only a knowledge of the technicaﬁéski11s necessary to produce

the goods and services that society demands, but also must be aware

of the nontechiiical considerations' which often have an overriding ‘
effect on engineering proJects. Consequently, engipeering education, -
whether institutiohal, continued or otherwise, must provide both the .ot
technical and nontechnical ungerstanding necessary. to practice the -
profession in the modern secial environment. ' ~ .

The initial phase of the project involved the development of a program-

plan which defined the total scope of activities in each of the areas .
to be examined: societal needs that require ‘engineerinds and scientific - "
solutions; the content of and parameters affecting engineering educa-

“tion; and the nature and process of the registration of engineers under

State law in California. Input models were developed to idéntify the
parameters affecting each of the principal areas of concern (see Fig.
I1-1, 2,3). Each of these parameters was analyzed to develop a series
of detailed tasks, the rationale behind each, and the methodology for
obtaining the data from each delineated source. .

Jhis plan identified all of the areas of consideration; however, it

1)

Was not possible, given the scope of the project and. the tiime allowed, y
to-address all of the tasks. Therefore, those areas having the greatest

impact on engineering education and Ticensing were taken in order of . 3
priority. The remaining tasks may be implemented in subsequent studies.

: « o : a»

In the Fall of 1975 the ‘California’ Postsecondaty Education edrmission .
was awarded awgrant-by the National, Science Foundation to condiuct a w ¥,
study correlating engineering curricwlum and California Ticensing law, "y e
in Tight of societal needs. . ‘ ) oot

The necessity of suéh a study arose from the observation of current

concerns expressed by society. In recent years, the rapid advancement
of science fias been checked by rising public concern over the quality

-
. 3 r .
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of 1ife direcjed by our highly technical society. Engineers have

-found that tHey must ‘deal not only with their technological special-

ity, but also with the issues of environmental quality and resources
conservation. Shifts in national and state policies have left hun-
dreds of specialized engineers out of work. Thus, this study addressed
the concern of whether future engineersgwill have the skills and com-
petencies necessary to meet societhl nggds,zthereby providing a
meaingful contribution to society. The general goals of the study
were the following: ! .
. 14
‘T. To demonstrate the ability of industry, the practicing
profession, educational institutions and governmenty]
badies to work together in‘an ongoing review of engineering
education and licensure and provide a mechanism for their
interaction. -~

2. To determine, in terms of disciplines and skills, what the
fomposition of the profession should be, in order to S -
provide ‘the skills and "fields of understanding" necessary

~1in the future society.

3. To determine if the undé:bradﬁ!%e engineering program

should stress basic principles, technology, a mixture of

these, or liberal arts courses in order to provide the

necessary "fields of understanding." ' .

4. To_determine how 1icensin3 requirements should relate to
engineering curricula and to the needs of society in order
to promote the public health, welfare, safety and good.

The program objectives are well within the scope of the "State Goals
for Postsecondary Educatth" described in the Five-Year Plan for

Postsecondary Education fin California: 19768 which have‘BéEﬁuédopfed

by the\Ca

fornia Postsetondary Education Commission. These objectives

- To encourage the increased effectiveness of acéteditation
- of postsecondary education institutions in fhe.ﬁtate;

- To encourage postsecondary education to develop a compre-
hensive system of valid measures for knowledge gained both
inside and outside formal academic programs;

- To ‘encourage the establishment of educational requirements
for Ticensure that are appropriate and reasonable in certifying
occupational competency and the development of means for’
meeting these requirements including both educational programs
and competency testing; and .

1.
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- To work toward public understanding of the nature and sig-
nificance of academic degrees, iﬁcuding their strengths and ®

Timitations as a measure of ability and skills.
The program was djvidedﬁjnto three major areas of investigation:

< 1. Ap'exam§nation of societal néeds in géneral, while Tooking
at three large engineering projects specificql]y;

2. A study of eng%nee%ing‘édycation; qﬁq . ' '

~ 3. Anevaluation of engineering Ticensuré in-California.
. ) . 2
A planning document was prepared to identify the principal -tasks in each ,
of the three areas.” This document identified many more §§btasks %han
. could be accomplished.under the limited $cope of the proj&t. Conse-
quently, priority was given to those areas of study that had the most
significant impact on the practice, education, and ‘licensing of ‘engi-
neers, - . . "

The information presented in this report was éathered\fr6m11iterature.
review. correspondences survey questionnaires, individual and group
discussions, and a public forum. Observations, findings, @and conclu-
sions” dre presented throughout the report as they relate to the spe- .
cific aMea of investigation. Some detail material is presented in the
Appendices. A verpatim copy of the transcription of the forum pro-
ceedings on engineering registration has been retiined in the project
file for reference purposes. .

+ . N
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III. GENERAL OBSERVATIONS AND IMPLICATIONS OF THE STUDY

Engineering education is probably one of the most frequently studied
disciplines in higher education. One major reason for this is that
technology affects nearly every aspect of modern 1ife and has a
critical impact upon most of the essential elements - contributing to
the quality Qf Tife in the United States and other developed nations.

The periodic evaluation of engineering education coincides with occur-

rences in socigfy which focus on societal problems and the engineer's

- role in solving those problems. In the post-Korean War. era, engineering
education was critically reviewed as the nation reassessed its prior-
ities. With the successful launch of the Russian sputnik’, the "space

-race” began. The federal government significantly increased funding

for basic research, and educational institutions responded by strength-
ening basic principles in engineering curricula. This pattern con-
tinues today, with society facing an energy crisis and Tooking to
technology for the solution. -

Because, of the diverse role of technology in society, questions are

periodically raised-as to how well engineering education is preparing .~

engineers to provide technologjca] solutions to the complex demands

society makes of them. Alsg, the intense integration of technology

into everyday Tiving has prompted policymakers to question whether .

engineers are trained ‘to consider the public health, welfare -and \;

safety as paramount issues:

A review of prior. studies indicatlps that most of them have been conducted

by individuals or groups involved in engineering education, rather than

fnvolving elements outside of the educational community. One possible

. explanation for this is that both the practicing:engineering community

and special-interest groups have not paid sufficient attention to

engineering education, leaving the review activity to the educational

institution itself.

. Numerous recommendations for major changes in engineering education .
have been made in past studies. However, because these recommendations .

have lacked mechanisms for implementatign, “few of. them have been

directly adopted by educational institutions.

The most prevalent recommendation is that of increasing the requirements

" for the first professional degree in engineering. However, in-terms of

credit units for a degree, the requirements hdve decreased. Although
~4%5is difficult to compare dégree program commitment because of a sig-
nificant amount of content compression, many critics agree-that the
curriculum content has been decreased to maintain the  competitive
pogition of ‘engineering programs with other degree ‘programs offered.
However, the increased emphasis on mathematics and basic science has

maintained or increased the student work load for class preparation. N
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¢A second commonly mentioned recommendat1 or the four-year engineer-
ing degree program is ‘the need for increased \attent1on»to design.
However, the curricula have decreased in design content,’and a large
portion of the technology associated with ﬁpg practice of engineering
has been eliminated. This has created thesneed for a new degree pro-
gram in engineering called the Baché®or of Science in Engineering
Technology. - .
The creation of this new degree program was done by the educatiornf
institutions without comprehensive consultation with the practiging .
engineering community. industry, or the State Board of Reg1strat1on
for Professional Engineers. The graduate from the engineering tech-
nology programs in some instances, has encountered a hostile enviran-
ment in ﬁae engineering community. He is denied some of the opportu-
nities afforded the graduate of the B.S. program in engineering. ‘It
is difficult, or impossible in some states, for a graduate of an
engwneer1ng technology program to become registered as a Qrofessiona1
engineer without obtaining additional education (in basic sc1ences
math and pr1nc1p1es of engineering science) resulting in a B.S. degree
in engineering.

This study identified and defined the basic types of knowledge ("field
of understand1ng ) encountered to a greater or lesser degree in the
practice of eng1neer1ng and related-them to engineering education and
‘registhation. The review of curricula and registration examinations
- revealed that many of the "fields of understanding" were not #nciuded
in engineering education programs‘ and the reg1strat1on process
did not include examinatiQy for competence in a majority of the "field
In general, the 1nterd1sc1p11nary and nontechnical "fields" are most
often amitted in education and registration, yet in the practice of
engineering, these aspects can determine the viability of an engineer-
ing project. ' .
14

Some of the individuals interviewed from educational 1nstitut1ons and
industrial practice expressed the feeling that it was'not necessary
for engineers to have-an understand1ng of the riontechnical aspects
of engineering practice, since competent nontechnical memhers of pro-
ject teams were available to deal with these considerations. However,
incases where the public health, welfare, safety, and good ‘are of
ﬁﬁxgﬁe importance, how much understanding should engineers have of the
ontechnical elements of a project and how much technical understandin
should nontechnical members of the team
since excessive pressure’has been brought upon engineering education
to incorporate many nontechnical courses into undergraduate require-
ments, but 1ittle or no corresponding pressure has been brought to
modify the, curr1cu1a of nontechnical degdree programs

It was conc]uded from this evaluation of eng1neer1ng rEg1strat15n that

the \licensing process does not involve examination in all of the para-
mgtgrs\::;jngineer1ng practice. The emphas1s in both past and present
"Q’/'
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“exams is placed on scientific and technical engineering principles.
One possible reason for this is that registration applies to only a
small segment of engineering practice. perhaps as small as ten percent
by funding, and therefore there is no real stimulus for chiange.

In addition, a philosophy of professional registration is developing
which questions whether registration is restrictive, limiting vppor-
tunities for minorities, and whether it is.in fact a guild-practice
.which functions to control the market. Some states have enacted .
"sunset laws" requiring that boards of registration for most profes-
sions and occupations be abolished ‘within a specified period of time
unless they can demonstrate that their existence is crucial to the .
protection of the public. The long-range implications, for-engineering
registration, of these new public policies on engineering registration
have not yet been determined. Since the significant - majority of engi-
neeripg practice is exempt from the California Registration Act, and
the laws of most other states, the effect of the elimination of the
board of registration may be minor.

. 4
Presently, California has over 50,000 licensed engineers, and it is
estimated that this number will reach nearly 70,000 before the end of
1977. The majority of .these registrants are in technical disciplines
having only title registration. Why are engineers interested in
becoming licensed. when most of their employers do not require it and
registratign may only protect the title? Some critigs believe that
engineers have a desire to emulaté doctors ‘and lawyers.and to enjoy
some of the financial benefits that ‘engineers feel may be derived from
a tightly controlled marketplace. Other observers aintain that the
registration process instills in the engineer a greater degree of

" respansibility and awareness of public need, result ng in a general
upgrading of the practice of engineering. e may be numerous other
reasons for engineers to seek registragjﬁﬁjlgﬁg\tge fact ‘remains that
thousands of engineers do submit to thé process and maintain their
Ticenses through the payment of fees %ren there is \no real requirement
to do so. ' ’ Q\ o

" .

The public forum on engineeriggf:gbistration, held by Senator Rodda,
id

brought together concerned in uals from nearly every field of
engineering--private practice, industry, government, educational
institytions, unions, policymakers, and others. The most interesting
aspect ‘of the forum.was that previous philosophies on the need for
change in registration and engineering ‘education were abandoried by the
participants when faced with the ‘threat of legislative mandate for
Representatives of the engineering community even objeeted
to the establishment of an advisory committee, to either the Commission
on Postsecondary Education or the Board of Registration, that would
periodically eyaluate both engineering education and registration in
light of societal needs. It appeared as though the present system of
.vo]untgl; accréditation of curricula and academic-oriented examination




for registration was more acceptable to those attending the forum

than further State intervention in either. -

Information from this study indicated that changes in engineering ,
education will evolve:over a long period of time, and will probably
occur as a result of increased representation of the practicing
profession on the committees of the Engineers' Coupcil for Profes- .
sional Development.yg®hanges in the State registration of engineers
will probably not takKe place for many years, since the current prac- °
tice of exempting thw.major portion of engineering practice from the
Act wiTl continue upder pressure from the currently exempt.groups.
Also, since the registration process affects a small percentage of
engineers, there will be Tittle stimulus to bring enginéering education
. and registration closer together, other than the cufrent Board practice -
of acceptiny graduation from ECPD-accredited programs as equivalent'
to four of the six years of experience required for registration.

A clear definition of engineering practice would be one effective
improvement in the current process of engineering education and
registration. In this study, the parameters involved in engineering
practice in a project environment’ were identified.and defined in terms
of “fields of understanding.” This "fields" approach could be developed
and employed in many situations and could become a basis for program -
review and evaluation by the Commission on Postsecondary Education.:
The Board of Registration could use this technique as a, basis for

the evaluation of experience profiles and criteria for * development
of registration exams. Students could also employ this approach when
planning their programs in order to take maximum advantage of the
flexibility in the curriculum to achieve an awareness of the complexity
of engineering practice. '




IV. RECOMMENDATIONS .

The hallmark of any profession is its relationship to the public
. i health, welfare, safety and good. Thus, the education of profession-
' o als, the establishment of State minimum standards of  competence, and
N the.general practice of the profession must -be interrelated if the
"public interest is to be served. .

This study revealed that .there has been great attention given to

the development and implementation of engineering education programs

to ensure hjgh academic achievement. In addition, the engineering
Ticensing act has been modified numerous times since its original
enactment-oyer 50 years ‘ago, and the Legislature has given a wide

latitude for policy-making to the Board of Registration for Profes- . i
sional Engineers. Finally, there .is every indication that engineers

are very concerned with maintaining their technicé1,c9mpetfnce as

they practice their profession. . o

o ) 1/‘

The. principal issue that has not b n/éag:;:sed, philosaphically® or
-Structurally,.is the interre1ation§§ip between engineering-education. .- i
Ticensing requirements, and the practice of the profession in such

* a manner to guarantee that the public interest is served, As a.result,
the dedicated efforts in gach of these three areas have not necessar- )
Tly served the needs of engineers ‘as professionals nor always addressed

. the evolving needs of society. . -

There are many recommendations provided through this report.as they

. *relate to specific ‘areas of the study~ The summary recommendations

. presented herein reflect the most salient elements of the project's
’ 3 research. ’ .

“5 o

Recommendation 1 . ' S ~
. . ' N ) .
. Engineering .educational programs must be evaluated against ) v
- - specific criteria of engineering practice, i.e., "fields of
s Rl M .
o Understanding. . , /\

, 4 »

Recommendation 2

~

The registration of engiﬁeers, through which minimum standards

i ' ,' of competence are established, must reflect relevant education
%& : and the practice of engineering in Tight of the "fields of
o - understanding." . .° ' T
N Recommendation 3 . S
o

A vehicle must be developed which will bring together éduqa%ors,
public’ policymakers, employers, professionai societies, students
and others for the continual evaluation and coordination of ‘the

. .
’

N ‘ .
b
. . .
;- -
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P . . . .
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interrelationship between education. licensing -and enginéering
practice. - \ .

Recommendatibn 4

Degree programs in the social sciences and humanities shou1d
be modified to incorporate overview courses in science and
engineering to-increase understanding of the techn1ca1 con-
siderations 1n'meet1ng societal Qeeds.

Recommendation 5

o®
3 . .

Full-time engineering practice shou]d be a major cons1derat1on
in the se]ect1on of engineering faculty members.

¢ <
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V. COMPREHENSIVE SWARY V : -

In the Fall of 1975, the California Postsecondary Education Commission

was awarded a grant by the Nat-ional Science Foundation to conduct a

study of the relationship between engineering education and registra-

tion relevant to the needs and wants -of society. This study addresses-: ~

the concern of whether future engineers will have the skills and com-

petencies to employ technology to meet the demands of society while

maintaining, as paramount, the protection of the public health, yelfare,

safety, and good. .

The initial task was the development of a detailed program-plan .in

each of the three areas of the study: societal needs and wants re-

quiring technical involvement: California engineering education programs;

and the registration of engineers in California. The factors affecting

each area o:tgbe study were identified and analyzed to develop a ‘
iled tasks to facilitate the compilation of relevant

data. Because the scope of this project was limited, only those

factors having the greatest impact in each of the three areas were

emphasized in research efforts. ‘ :

A. Societal Needs and Wants R © . }

Applied erigineering techndlogy has not only changed the

face of the earth, it has affected its mores and in-

stitutions. It has yielded a power which is an intimate

part of every aspect of living. Its responsiveness .to .
society's need and demand ‘for many products and activi- ,

ties to enhance living beyond the bagi® subsistente level

must be considered in examining.the practice of engineer-

ing as a profession under contemporary conditions. B

1. Fields of Understanding’

Societal needs and wants--classified into 14 areas--
* and, projects exemplifying three of these (energy,
environmental quality, and transportation) were
selected for detailed examination to determine.the
“types of knowledge ‘they involved. The three pro-
jects were the development of the nuclear power -
plant at Diablo Canyon in California; the 0i1 spill
off “the Santa Barbara coast in California; and the
Bay Area Rapid Transit Systém. Fourteen éiscrete
areas of knowledge,were identified as being integrally
involved in the projects. For presentation purposes,
they are referred to as "“Fields of Understanding"
in this report. The "fields" do not necessarily
relate to specific subjects or courses. Rather, they
group 1ike-courses into the following categories or.

'l 5 ’ i . -
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"fields" which wereusubsequentiy used to anaiyze

.various aspects of- engineering education and the

Engineers' Registration Act in California: physical
science (including mathematics); design/application: - -
ethics: management science;.law; behavioral science;
humanities; engineering science; engineering tech-
nologys conmunication arts; economics; poiiticai
science, 1ife science; history

Degrees of -Understanding

Tt.must be recognized that no ‘one person cofld be expec-

ted to be competent in each of the fields. Ideally,
expertise in each area is provided by the.various members
of a project team. Deans of accredited California engi-
neering education programs and California’ employers of
engineers were asked to rate each "field of understanding”.
according to the degree of understanding they felt a

newly graduated engineer should possess. A learning

scale with five degrees of understanding was developed:
0-none; 1-awareness; 2-sensitivity; 3-proficiency, and

4- expertise . .
ReSponses to this rating scale showed a general agreement
that the graduate should be proficient in the technical
fields and sensitive or approaching sensitivity in many’
nontechnical fields; and never less than strongly ‘aware i\\\\

s

,al] npntechnical fieids

.B. Engineering Education

T

Prior Studfes ' - B

Eight major prior studies of engineering education ‘and

their recommendations were reviewed. The preTiminary review
identified those major elements in engineering education
which, for' the past twenty years, have beerf of concern.to °
the engineering community. A number of these. elements--

" accreditation, hiring; promotion, and tenure-selection

criteria, curricuia and continuing education--were
se]ected for further examination

v
v .
.

A more in-depth study of the recommendations categorized

them according to "fields of understanding." This cate-

.gorization revealed a marked similarity.among recommenda--

tions made over the past twenty years. Related literature
documented that since most recommendations lacked mecha-
nisms for implementationy change had been graduai--evoiu-
tionary rather“‘han revolutionary.
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.+ Accreditation ' <. ”
The history, ' organization and functioning of the Engi-
neers' Council foy Professional Development were examined.
ECPD is a private(organization which is responsiblie for
the accreditatiop of engineering and engirfeering tech-
nology programs in the United States. As such,.1it can

be the most instrumental mechanism for effecting changes
in engineering education. ECPD is suppaorted by funds
from its member organizations, which include the National
Council of Engineering Examiners (NCEE), the American

. Society for Engineering Education (ASEE) and numerous
engineering technical societies. The accreditation stan-
dards used by ECPD are broad and are often: supplemented
by criterfa for eagh discipline formulated by the tech-
nical society representing the particylar discipline.

Two major criticisys are commonly made of ECPD by the
engineering communfity: (1) failure to establish minimum -
credit-hour requirements, and (2) ‘dominance of ECPD by
educators. In response to.the first criticism, ECPD has
not attempted to staﬁﬁfsh a strict credit-hour require-
ment because there is no uniformity among ‘the hasi¢
credit-hour syst . used throughout’ the country. In view
of this, ECPD takes the total number of. units required by
a specific institytion for a baccalaureate degree and
divides this amount by four to obtain what "one full year"
constitutes in that particular program. Further subdi-
visions provide the necessary'stgndards.

As to the second doncern, .ECPD hag attempted, with only
limited success, tio increase the involvement of practicing
engineers in the agcreditation process.. However, it is -
dependent upon its er societies to select individuals
with varied backgrounds. Because the member societfes
often provide 1ists comprised principally .of.educators'
names, the accreditation process remains dominated by
educators. .

Hiring, Promotional, and Tenure Selection Criteria

Usually, decisions affecting the composition 6f faculty
are made by administrators in conjunction with committees
comprised of tenured faculty.. Therefore, faculty members
as both evalua‘tors and those-being evaluated play an
important role in this .process. .They have developed some
insight into how hiring, promotional, and tenure selec-
tion practices affect engineering education. Consequently,

" - faculty were surveyed to determine their opinions on

.these Practices and theqir effect on engineering education. -
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Questionnaires were distributed to the engineering
faculty through the deans of each accredited engineering
education program in Califernia. An average of 35 per-
cent of the engineering faculty from each campus respon-
ded. . ot

Three major background elements of faculty members were .
examined: (1) whether faculty were tenured, «(2) where _
faculty received their education and what degree was .
earned, and (3) what experience faculty had in engineer-
ing practice. The data indicated that 74 percent of

the respondents were tenured and that over 97 .percent

of the respondents had doctorate degreed, Further, these
academric credentials were representative of a large- number
of different schools. However, a high percentage of the
degrees ‘were obtained from relatively few schools. Of
the 64 schools identified, the top five accounting for

46 percent of the total doctorates awarded were Stanford,
UC Berkeley, UCLA, CALTECH, -and MIT. Stanford alone
awarded 16 percent of these degrees. In response to the
questjon on experience, most faculty responded that they
had some experience in engineering practice. No ‘attempt
was made to differentiate industrial experience from
faculty consulting activities. '

Faculty were asked to rank nine possible hiring criteria
in order of current importance at their school. The .
engineering faculty, from the University of Ca]ifornia\g
and frof the private schools, ranked the hiring criteri
almost identically. The doctorate degree was considered
the most important criterion, followed by research, ,
teaching experience and publications, in that order. In-
dustrial experience was considered sixth in importance.

In contrast, faculty from the California State University
and Lolleges ranked industrial experience as the most ’
impoftant hiring criterfon, followed, by the doctorate )
degree, teaching experience, publications and research, in
that order. , '
When asked whether the promotional system accurately
rewarded merit in teaching, research, and public service,
49 percent of the tenured faculty and 63 percent of non~
tenured faculty felt that teaching was rewarded. With
respect to research, 76 percent of the tenured\faculty
and 55 percent of nontenured faculty felt that\this'was .
given proper recognition. Over half of both groups felt
that public service was not accurately rewarded.

k3
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--nontenured faculty were in agreement on this.

0 o .
As. to whether the review process encouraged faculty
members to conduct research, ‘which might be directly

applied to solving-societal problems, the overall
faculty response was 70-percent “no." Tenured and

Undergraduate Engineering Curricula - - to
: ! . Y .

The required undergraduate curricula of four chemical,
five civil, six electrical and six mechanical engineering .
programs from seven California schools were examined and _ v

. categorized according to the "fields of understanding." '

It was found that required physical science and engineering

science courses ranged from 43 percent to 79 pg¢rcent

(with an average of 57 percent) of the total.minimum -
requirements for a bachelor bf science degreé. From 2

to.18 percent of the total minimum requirements were

devoted to design/application. Seventy percent of the

programs examined devoted }ess than 19 percent of the

curricula requirements to this area. 32 percent of all- . T
the programs reviewed required a course in ethics, and °

68 percent required a course in communitation arts. _The

remaining "fields of understanding" were rarely covered

by required courses. - '
The review also revealed a marked degree of program
flexibility in the accredited engineering programs. From
school-te school, technical electives in accredited pro-
grams ranged from nearly 6 percent of the total required
units at the University of Santa Clara to 20 percent at -
CALTECH. Nontechnical electives ranged from 1.5 percent
at CPSU, San Luis Obispo tomearly 30 percent at the

‘University of Santa Clard. Unrestricted electives ranged

from approximately 1 percent .at CSU, San Jose to 9. percent
at UC, Berkeley. Civi engineering offered the highest
degree of flexibility of the programs studied (technical
electives, 15 percent; nontechnical electives, nearly 17
percent; and unrestricted electives, nearly 7 percent).

Depersonalized studeﬁ? transcripts from three schools .

with accredited programs, and one school without an ac-:.” ,
credited program, were reviewed to determine whether

students were taking advantage of program’ flexibility to .
select classes providing exposure to all "fields of
understanding." Only one of the.-89 transcripts examined
included a class in each “field-of understanding." Of

the transcripts, 5.7 percent included’ classes- in 12

of the fields, 81 percent failed to include classes.in at

least four of the 13 fields, and 17 percent failed to

include classes in"at least,7-of the fields. A high per-
centage of students did not take a course in law, ethics,

. ]9 . e . - - - vi"‘
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political science, engineering technology, 1ife science,’
and management. .- T
5. Continuing Education ‘ e ;-

The content of undergraduate programs is’ concentrated bn
fundamentals.! Specialized engineering sibject material
must be obtained from graduate education or continuing
education programs offered through (a) university exten-
\ sion programs, in- conjunction with récognized. schools of

.'engineering; [b) government and industry providing in-
plant training programs for employees; (c) newly formed
continuing education unjts -of ‘professional and:technical

. societies, offered as membership services; and (d) entre-’
preneurial organizations. It iS estimated that approximate-
1y half. of today's engineering gnpduates will not take
.continuing or graduate education in their working careers.
They will, inStead, be dependent ‘ypon their undergraduate
education to provide Tong-range job performance and pro-
fessional development. Hence, undergraduate>education

may have’to b designed to0, meet total career needs.

6. Interviews- . . . : hd

Employers, regent-graduaté engineers, students, and
faculty were dnterviewed to obtain their impressions of
engineering education and its .relevance to their needs
and the needs of the public. 1In general, industry repre-

. sentatives fe]t that the engineering graduate.should
come prepared.to practjce under the constraints of the
competitive marketplace and sH%u}d be concerned with a
company's position in the market, There was a keen desire
to see changes in the educational process which would
betteF prepare ‘the engineer for real-life conditions.
There was a feeling that current methods, including the
accrediting pirocess, were nat secging'the needs of
industry. . ‘ - :

Students' greatest concern was for the lack of practical
application of their engineeying educations. ;Tﬁby felt
that-courses were too subject-oriented’ and might.better
be taught by Faculty who related: theoretical practice to -
actual practice. They also felt that the practice of
engineering must be sensitive to the safety and environ- ¢ -
mental needs ofVthe public, and questioned whether the
skills necessary to practice with that’sensitivity were
being provided. . i .
. ) ’
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Information from faculty interviews did not represent

a consensus of opinion on any particular issue. Some
faculty believed that exposure to engineering practice

in the educational program was very important: others
questioned whether. such exposure was the responsibility .
of the educational institution. There was general agree-
ment on a need for greater coordination within the total
engineering community. . .

C. Engineering Registration

'1\ History . . ’

The collapse of the St. Francis Dam in Southern California

prompted ghe mandatory registration of civil engineers

in California.. However, such registration has not been

expanded; most engineering practice remains exempt from -

Ticensing requiremerits. Confusion exists over whether or
. not registration is necessary or can protect the public,

and if so, how it can serve that purpose best. - .

3

. (Criticél Analysis of the Act,

The effect of the Professional Engineers Act is severely
Timited because the majority of engineers practicing
in California are not registered.and the majority~ef the
registered engineers practice in areas exempt from the
registration Act. In addition, its impact .is hampered
by provisions which dilute.rather than “strengthen " the
State's efforts to promote the public welfare. In the
Act, 1ittle attention is paid to the role of formal
education in ‘providing the individual with not only
engiheering expertise, but also with the sensitivity to -
ensure the public's well-being. ‘Most importantly, the
basic premise of the Act is poorly defined,.with 1ittle -
or no explanation as to how the various provisions will
———promote the public health, welfare, and safety. Basically,
the effectiveness and therefore ‘the necessity. of the Act
must be questioned. Considéring the broad spectrum of
engineeming practice, the Act in its present form does
not play a significant part in the protection of the
public. -

Examin§éion Process

v

| . .
Qualified engineers may apply to be examined for registra-
tion a$ professional engineers. The examination-process
entails two eight-hour tests: the first, thé Engineer in
Training (EIT) exam; the second, the Registered Engineer
exam. The former is designed to cover enginegring principles;

P
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" the latter is-more hroad, covering areas of engineering
practice that would normally be acquired by the applicant
through both engineering experience and edutation. '

Both State-prepared and nationa] exams concentrate on or
. . emphasize the- fo]]owing "fields of understand1ng"

engineering science, physical scienece, design/application,®
and economics. It ﬁs possible for an.applicant to pass
“either type of test ®y solving prob]ems only in the

" science-oriented fields. Most critics agree that exam
problems in the engineering science category on State- .
prepared registration exams are quite similar in content
and difficulty to those found in the EIT exam. For the
most part, the State-prepared exams reviewed in this study
tested for only co]]ege-]evel kngw]edge and experience.

4, Grandfathefing;and Other Registration Alternatives

The granting-of professional engineering licenses by
the Board of Registration for Professional Engineers
through .grandfathering procedures requires that applicants
demonstrate nine- years of "qualifying experience," four
years of which may be met by a degree from an accredited
engineering program. There s no requirement for the
applicant to successfully ‘pass a qualifying examination,
such as the EIT, as proof 0f minimum competence.- With

)- the exception of the long-estabiished "practice act"
disciplines of civil, mechanical, ‘and electrical engineer-
ing, there has been little increase in the nymber of
specialty licenses issued by examination since a large
initial number were issued=without examjaation during the
grandfathering period. Annual growth rates in some dis-
ciplines have been less than one percent. The number of
licenses \granted are a result of individual examination
and recipregity, and are ipsignificant when compared with
those grantey through regularly scheduled written exams
and grandfat ering

ring Education and Registration

K

Numerous recommendations for -change in engineering educat1on

" and registration requirements have been made over the past

twenty years, but there has been no governmental ‘mandate to
accomplish many of them. The general question addressed
throughout this phase of the study was how interested the
various groups and entities in the engineering profession .
were in change. More specifically, how interested would these
groups be if change were enforced through the*State governmental
process? -

> 3
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1. Initial Review - _

I
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Two approaches to examine this subject area were possible.
First, to eliminate all engineering Ticensing-in the State:
second, to modify-existing law to require that all engineers

in responsible charge in the State be‘registered -to practice
engineering. It was felt that the second proposal would _
stimulate.the greatest response from all elements in the engi-
neering community. Thus, a piece of legislation was drafted

to incorporate all of the changés sought over.many years' by
segments of the engineering community and others. The bill

'was not introduced, but rather, was prepared-in “preprint"

form so that it could be seen and circulated in the normal
bill format. The text of the draft legislation is shown in
Appendix I. o

On July 26, 1976, Senator Albert S. Rodda, Chairman of the
Senate Committee on Education of the California State Legisla-
ture, conducted a forum on the draft legislation (SB 17
Preprint). The bill proposed a complete reorganization of
Chapter 7 of the Business and Professions Code (which concerns

Professional Engineers].” It also proposed to deleté-technical
disciplinary titles and references; require the registration

o

. of all practicing engineers "1n‘598ponsib1e charge"; redrganize
_the standing committees of the Bdard of ‘Registration; add an .

advisory committee to the Board; addsa'code of ethics to the
Chapter; and define the technical and nontechnical considera-
tions of engineering education and practice.

The forum provided-.an ‘opportunity to determine the feelings and °
positions of -the concerned groups in two phases. The first,
through written 'solicitdtion of analysis of the draft tegisla-
tion; the second, through presentations made at the forum.

The f4llowing groups were asked to participate:

Engineering technical gocieties; National Council of .
Engineering Examiners; American Society for Engineering
Education; Engineers' Council for Professional Develop-
ment; Bogfd of Registration for Professional Engineers
Californi§ Department of Consumer Affairs; conservation
groups; iMustry; futurists; recent engineering graduates;
legislative staff; engineering unions; engineering educa-
tors ' : - B .

\

- £

The participating groups were asked how they felt about a
possible requirement that engineers have an understanding
of all the various considerationt in.engineering practice
as presented in the "fields of understanding." The
consensus was thatcengineers in “responsible charge" should
have at least an awareness of all elements in the "fields."
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The groups were,also(3$ked their opinion on the ade--

guacy of engineering education in 1ight of the "fields."
.The response was anomalous in léght of “data gathered
through other tasks of this study. ..In essence, it was ;
felt that current eng1neer1ng educationa]-programs ade- * ‘ |
guately prepared engineers for practice, and that if ' ‘
-additional education were nesded, then it should be |
obtained through on-the-job training or from courses , i i
-specifically pertaining to job requirements. :

Another issue presented to the groups was whether the |
Board of Registration shoeld review curricula. In the- ‘ .
draft legislation; this proposal raised concerns in both , Yoo,
educators and industry representatives alike. Some . - T .
respondents said that an independent action by California N
in’ curricula review could jeopardiz® efforts to standard- -

., ize engineering accreditation and registration examinations.

Inquiries weré also made concern1ng universal mandatory
registration. Of particular interest were responses from \\
cyrrently exempt corporations. While the purpose of
registration to safeguard life, health, property, public
welfare and‘good was not in question, respondents did
debate the ‘thesis that registration was necessary to
accomplish public protection. Some felt that reg1stra-'
- tion was necessary onty in cases where the engineer.

offered services directly to the public and that no other
means was necessary to assure the récipient th

engineer was competént’. Soge educators, and ew rep-
resentatives of technical engineering societ1es, supported
universal mandafory registration, but most industry &
respgndents were opposed to the concept.. .

Forum Proceedings

The §¥ructure of the for(m was similar to a legislative
hearing. It was held in a hearing room in the State
Legislature and was' recorded verbatim. (A ‘transcript has
beenyretained in the project file.) Senator Rodda,

assisted by.members of the Senate and Assembly staff who

deal with legislation in education -ahd registration,

chaired the forum. One practicing engineer, having .past -
experience as a member of the Board of Registration for .
Professﬁona] Engineers, also assisted. -

trial” management, education administrators, €ngineerin
educators, practicing engineers, and englneering union
were assembled to present views on five major aspects
of the proposed Tegislation: (1) justification for

. . - . -3
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= The question of whether the prospective beﬁifjts

{

registration of engineers; (2) education requirements
for registration; (3) qualifications for registration;
(4) miscellaneous requirements and administrative
provisions of the bill; and (5) "industrial and public
utilities exemptions.

The following issues were discussed during the forum:

- The parameters involved in the practice of
engineering; .

= The breadth of engineering practice;

- The relationship of engineering practice to the
adequacy of epgineering education (given existing .
needs); '

- The nature anqd effectiveness of accreditation of
engineering.educatioq,programs;

- The need .for, and extent of,engiﬁéering registra-
tion in California; B

- The adequacy of the current engineering registra-
tion act; . Co N

- The juﬁ%ification for federal government, public
‘utility and industrial .exemptions;

- The-adequacy of education-related registration
 requirements; ' - :
A o

’
~

- Iheladequacy éf disciplinary licensing,and‘gﬁand-’
fathering; ‘ : '
- The question of whether an engineer employee, -
“attempting to be ethical," should be protected
by the State from reprisals by the employer; -

?'The inclusion of a code of ethics in the registfé-
tion act;” . , .

. AN -
- The question of whether, the Board of Registration
should even make an attempt to enforce a code of *
ethics;-and .

A}

of the proposed changes would outweigh the potential
costs. . S oy

(¥
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s
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The forum was highly successful in bringing strong
feelings to-the surface. Formal positions taken by .
many of those making presentations weré diametrically
opposed to positions taken in prior studies of engi-
neering education and reg1strat1on With one exception,
nearly all of the provisions of the draft legislation
were opposed by at least one of those making a pre- .
sentation. The consensus was that if such legislation
which carried the threat of governmental intervention

" were ever introduced, it wou1d be opposed by all of the
groups represented

R R N N I

EN

Based only on testimony presented at the forum, the
'fo1lowing interesting conclusions could be drawn:

- Engineering educational programs in California
are providing all necessary industrial require-
meits and are sufficiently diversified to
satisfy the breadth of marketp1ace needs

Current examination requirements, 1nc1ud1ng
dequately ensure competent

epgineering practice.

There. is/no need for mandatory licensure of

engineers, since industry is 1iable for any

TnJury r su]ttng from incompetency.

Disciplinary 1icensing is better than nonspec1a1-

ized registration.

Thetre s no need for .the incorporation of & code

of ethical practice as part of the registration .

act. '

-+A small segment of “land survey1ng is the only
.-~ ‘type of engineering practice that is offered

directly to a citizen. Therefore, this area is

probably the only one that should be licensed

in California. A public agency or private

industry has the ab11rty to determine gpmpetency

without State fnterventfon

- The current educattonal system and regTstrat1on
° practices adequate1y serve the public in the
, State of.California. Where problems exist, they
.—should be resoTved through court action, .
Most of these “f1nd1ngs" are: 1ncongruent with data d1rect1y
obtained from the related sources.

26, %
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Engineering Advisd[y Committee

Throughout this program, major attention was given to
defining and establishing a mechanism to permit the. evalua-
tion of engineering education and registration as an on-
going process. One finding of this study was that an
Engineering Advisory Committee could be established -and
implemented within the California Postsecondary Education
Commission under existing statutes (State Educatian Code)
and within the program objectives of the Commission's Five-
Year Master Plan. (SeeAppendix J.) "

The Engineering Advisory €ommittee would be composed of
representatives of engineering education institutions, the
Board of Registration for Professional Engineers, the :
practiging engineering profession, public policymakers,.
engineering students, and others. It would have, as.one’
of its primary functions, the making of recommendations

to the .Commission on- criteria for the evaluation of engi~
neering education and licensing programs and thereby
facilitate close coordination in their development in light
of the ‘changing needs of society. .

T
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VI. \DETAILED-DISCUSSION ~.. Lo
‘ A. Societal Needs/Wants ) ' . g

. Y -

Before-1850, technology in the United States was the realm
- .of the military engineer, who. motivated by nationalistic
ideals-and visions of great expansion, planned and super- )
vised the early development of canals and railroads. The
. very nature of military engineering required that only one
~ . matter be taken into consideration--a successful technical

solution to the problem at hand. N

After 18505 a new type of engineer came into dominance, a
civilian with a cosmopolitan outlook, interested in pro-

. viding specialized services to the new institutions becoming
established in this country. He provided a variety of
services t& municipal, state, and private corporationS and
became known-as the “civil engineer” in contrast to’the
“military engineer." . . -

Civilian~eﬁgineering required that the engineer be aware of
matters other than just technical solutions to a problem. ‘ .
The economics of a project. and the health and safety of °

the public in connection with the project, became additional

concerns which often affected®the technical solution. '

With the rapid growth of.technology since 1875 has come a
growth in the .number of concerns involved in the .development .
of that technology, concerns which must be dealt with as part ’
of each engineering project. For instance, energy production
must be conducted in a manner which protects environmental
, ‘quality, carefully manages natural resources, is safe,
.+, _ economical and acceptable to thg public and the courts.

i}

» 1. Fdelds of Understanding

<€

’

. As“part of this study, some of the major societal
needs/wants requiring technical input or solutions were *
identified and classified into 14 different areas:
"energy;-natural resources management; recreation and’
. " - entertainment; busjiness; .education; health care; advanced
: technology and space; transportation; environmental v s
quality; communications; manufacturing; construction;
. agriculture; security and national defense.

Engineering projects in three areas were sg]écted for. ' _
& review {0 determine the consideratidns and types of

knowledge involved; In the area of transportation, the
. Bay Area Rapid Transit system was examined. Offshore

~

.
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0i1 drilling was chosen to demonstrate -the concerns and .

- needs of energy and environmental quality protection, and -

the development of a nuclear power plant®was reviewed to
illugtrate the considerations involved in the developrent
of alternative energy sources. A discussion of these
three projects can be found in Appendix A.

From the revieW'of the above 11sted projects, 14 types of

knowledge, referred to in this study as "fields of under-" , -

standing," were identified: -

Physical Science (1nc1ud1ng mathemat1cs) The precise
3escr¥§t1on of existing phenomena often using mathe-
mat1ca1 modelsw . :

Engineering:S¢ience: The application of a knowledge
of mathematical and natural sciences gained by study,
experience, and practice to develop ways.of ut111z1ng
materia1s and forces.

Des1gn/App11cat1on' The process of applying various
techniques and scientific ‘principles for the purpose
of defining a device, a process, or a s m i

sufficient detail to permit its. physic&l realiza ion.

Engineering Technology: The use of products, systems ,
‘processes, devices, mechanisms, and technical know-' «
how associated with the praqt1ce of -engineering. :

Eth1CS

Standards of conduct}

The'study of effective Tanguage . '

Connun1cat1on Arts
use.: .

“'Management Science: The study of methods, of applying

e §22
R

— . N :
.
. '
.
s
. . *
° .
¢ .

manpower , material, and other respurces to produce T

goods and servicés. . .

Law: Any estab11shed practice which is

potentially g
"'?orceable by ‘judicial action. " .

&

Political Science: <The study” of the interaction of
individuals and/or structured groups with other

y structured groups , K
Behavioral Science' The study of the individual :
and sociaT'beﬁ'v1or of peop1e. ot .

. Life Science' The science of 11v1ng organisms. : .
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~ History: The study of man's heritage.

Hhmanitiég} “Sensitivity for and appreciation-of . ‘ -
aesthetT¢s and. art. . . L .
o , '

Degrees of Understanding -

The "fields of ufiderstanding" are represeptative of many

of the types of*knowledge that must be considered in

every engineering project. Typically, expertise«in each

of these fields is provided by project team members whose

"degree of understanding" will vary according to their

function in the project. To account for this varying ‘
"degree of uhderstanding," a learning scale of five "de- ‘- /
grees of underStanding" was developed:’ - . o

0 - None: .Having 1ittle or no knowledge of a
subject area. . : ’ o

1 - Awareness: " Haying sufficient knowledge of a
subject area to recognize problems in that
area and*the type of talent needed to ig}ve
them.’ . y :

2 - Sensitivity:, Having sufficient knowledge of
of a subject.area tq recognize and solve
problems in that area and having the abjlity
to make some preliminary judgments concerning
solutions and approaches: ) . .

3 - Proficiency: Having sufficient knowledge of
a,subject areg to recognize problems in that -

area and develop solutions to them..

4 - Expertise:’.faving sufficient knowledge of a
squect area to develop new approaches to
solutions. T

Survey .of Engingering Deans and Engineering Emp)oyers

Employers bf engineers and deans of those California
engineering education programs acgredited by the Engi-
neers’ Council for Professional Development (ECPD)

were surveyed to determine their opinions on the “degree
of understanding” recent engineering ‘graduates should
generally have in, each "field." The results of these

WO surveys are presented in the.following two sections.
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. Deans of Accredited Engineering Education Programs

%

-~

Of the 20 deans surveyed, a response rate of 50
percent was received. The deans were asked to "rate"
" the "fields of understapnding" (using the numerical
“values .assigned to the five "degrees" of the learning
scale) according to their relative importance in
engineering education.

On’ the -average, the s rated engineering science
. and.de$ign/application highest, 3.6 and 3.5, respec-

tively: 60 percent of the“ddans felt that an
engineering graduate should have expertise in engi-
_neering science, while the remaining 40 percent
‘believed a recent graduate should have proficiency

in this area. Fifty percent rated design/application
at the expertise level and the remaining 50 percent
believed proficiency in® this area was_necessary.

Three other "fie]ds" were rated in the proficiency
rapge: physical 'science, 3.0; engineering tech-
nology, .2.8; and communication arts, 2,6. In the
remaining "fie]ds ' the deans' average Yate was for

a lesser "degree of understanding." The average
rating given any one "field" was never less than 1.4,
i.e., awareness approaching sensitivity. Further
?et?ils on the responses are'found in Table 1 (follow-
ng

Employers of Engineers T

" A wide variety of companies and several State. and

local government agencies responded to the question-
naire, including producers of high technology and
consumer products, construction companies, and
companies' engaged in research and development.

Using the numerical values assigned to the five
"degrees" of the learhing scale, there was some dis-
agreement among respondents over the "degree of
understanding” that récent engineering graduates
.should have of the engineering science; engineering .«
technology, and management "f¢etds." Much of this
disagreement could be a function of the limited
response received from some of the groups

On the average, the respondents rated engineering
technology. 3.0: design/application, 2.8; and engi-
ngering science, 2.8 as the "fields" requiring the
greatest "degree of understanding," indicating that

the graduate engineer should be proficient in each
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. TABLE 1 R - .
RATING OF FIELDS OF UNDERSTANDING
s BY ENGINEERING DEANS T
. ("Degree"™ Frequency Distncibution and Mean of
Responses for Each "Field" and Deans'. Survey)
FIELDS ' PERCENT RESPONDING
OF . . .
UNDERSTANDING 0-None 1-Avareness 2-Sensitivity 3-Proficiency 4-Expertise ‘Mean Resn%ge
Physical ’ : , . K
_Science 100 3.0
Engineering - i
Science ¢ 40 60’ 3.6
- Design/ . - 7
Application 50 50 b * 3.5
Engineering B ’
Technology 40 40 20 - 2.8 .
 _Ethics 10 60 20 10 2.3
> Communication : /s
Arts . 40 60 2.6
o Systems ’ )
B Hanagement Y ‘10 40 < S0 - - 2.2
) Business, , . 0 -
. _Administration = - ‘ 30 60 10 1.8 -
. _Economics , 30 . 10 ' 1.7
j v Law' . 60:, ‘ ‘40 ) .. ‘ 1.4
Political _ A ' - .
7! _Science - 50 50 1.4
’ -Behavioral . " :
Science 30 70 - - 1.5
Life ] . ' ’
Science 60, Iod 1 v 1.7
lluaanftxeé[z / R R -
History < 30 70 1.4 .
‘ 1/ "Systems Hanagement" and "Busiiess Administration" were later comt;ined‘to form one "field," "Managem.e}ty."
s 2/ "Humanities/History" were later separated ifito two fields, "llumanities" and "History." . ¢
ERJ | - : ) 49




of these three "fields." Those “fields" in which
employers felt a lesser degree of understanding was
necessary were communication arts, 2.4; physical

= science, 2.3; ethics, 2.2; and systems management,
2.2. The consensus was that the engineer should be
"sensitive" in these "fields." Respondents believed
that in the remaining "fields," the engineer should
never be 9ess than aware of these concerns.

More detailed information on the responses from em- .
-ployers is presented in Table 2 (fp1lowing), and in —
Appendix G, Industrial Survey. Table 2 presents the
average response of each type of employer to each
"field," as well as the mean of 'all responses.

- . .4
c. Comparisoms.of, Responses Rating the "ields of Under-
standing” ' o

A comparison of the results from both deans and em-
ployers -Showed substantial agreement cn the "degrees

of understanding". in most "“fields," but a difference in
emphasis and attitude between the two groups for a few
“fields." » v

4

"

. Jhe greatest disagreement centered on the "degree of
understanding" necessary in physical science, engineer-
ingescience, and design/application. Although both .
groups rated these "fields" as the most impdrtant, the
deans rated each "field"0.8 degreés higher than the

" egrresponding ‘rates given by the employers. THe deans

"+ jrated the "fields" as requiring. proficiency to exper-
tise, while employers rated. them one "degree™ lower,
1.e.’érequiring strong Sensitivity to proficiency.

The two gro@}s’demonstrated*close agreement in their
rating of -the ‘remaining "fields," i.e., that an engineer
- should posséss at least an awareness «of each "field of
« understanding .As one would expect, the consensus
was that the graduate engineer should be far more
knowledgeable ‘in the technical "fields" thanin the

" nontechnicat "fields." .

d. General Obsé?vations ) -

Eor the’ first 25 years following World War II,'this
’ ‘country concentrated its efforts on expanding industtrial
technology and developing massive weapons systems and
sophisticated aerospace hardware. Gradually, into the
1970s, a transition toward employing technology to deal
© With' $he problems and needs/wants of society occurred,

3390




“wiegs,  TABLE 2
T, LN
RATING OF FIELDS OF UNDERSTANDING

BY' ENGINEERING- EMPLOYERS - \
(Average Response of Each Group for Each "Field"
_ and Average Response for All Groups Per "Field")
5 3
FIELDS - TYPE OF EMPLOYER OF ENGINEERS ) ~
OF High Consumer Research & State & Mean of All
UNDERSTANDING Technology Products Construction Development Local Gov't. Responses
. Physical ‘ - . ¢
Science 2.4 2.4 ' 2.0 . 2.2 ' 2.7 2.3
Engineering
Science 2,8 3.1. 2.7 , 2.8 2.0 2.8
Design/ . . ! >
Application 3.3 2.8 ' 2.0 3.0 2.3 2.8
Engineering .
Technology 3.0 2.6 ‘ 3.0 3.0 ‘ 2.0 3.0
.; _Ethics - 2.4 2.0 2.3 2 1.7 2.2
& Communication * '
Arts . 2.4 2.8 2 2.3 2.2 3.0 2.4 - )
) Systems Yy e i . &
Management = - 2.4 “2.2 2.3 2.2 1.7 2.2
Business . ' .
Administration 1.8 2.2 2.0 1.4 1.0 1.8
- Economics 1.3 1.6 4 1.0 1.6 ° 1.7 1.4.
"\ Law < 1.6 — 1.1 1.0 1.0 1.7 - 1.2
\S Political ' o - i .
Science ' 1.6 1.0 | 1 1.2 1.7 1.3 .
Behavioral . - | ! .
" Science 1.7 1.8 1 1.3 1.4 1.3 1.6
Life c ‘ R ‘ ‘
Science 1.3 1.1 . 1.3 4 2.0 1.5
lumanities/ , / ' . f ; . .
History = 1.3 . 1.2 l1.0 . 1.0 2.0 1.2
. 51 # of Responses 8 8 . // 3 C 5 - 3 27
o 1Y "S;steas Hanagement" and "Business Administration" were later combined to form one "field," "Management."- 52
- ERICY, "Humanities/History" were later separated into two fields, "Humanities" and "History." »
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Public policymakers have directed technology toward
serving society, while placing a great many restraints
on the manner in which the delivery system can provide
its services. The esgential part Of the technology
delivery system is the engineering project. The pro-
ject members must agSess the problem, define the para-
& meters, an idé an acceptable technical solution.
In today'‘s e ering environment, recognition of
the "fields of understanding and appropriate trade-
offs between the “fields" is critical to a successful
engineering project. ' .

The identification and definitian of the "fields" and
"degrees" of understanding was an important first step
in the study of the relationship between engineering
education and registration. It is now recognized that
. “the practice of engineering is composed of both tech-

* nical and nontechnical considerations, and thesé con-
sideratigns provide the framework within which the
re1atio;§h&§ of engineeriny practice, régistration, and
education May be viewed.

_Engineering Education
Engingering education in California. is provided throughthe
“four\segments" of postsecondary, education: the University of
‘California, the California State University and Coileges, the
independent colleges and universities, and the California
Commuriity Colleges. A previous study, Project E-E (refer to
.1-h/of This section), determined that over 70 institutions in
Calliforniajoffer degrees in engineering and/or science.. The
sit éof California.has nine campuses, five of which have
cyedited engineering programs. Twelve of the nineteen
iversity campuses offer ECPD-accreditéd engineering
¥ programs and seven independént ¢olleges. and universities offer
ECPD-accrédited engineering programs. Also, us engineering-
‘ related associate arts degree programs, providing gtrong support
for further study, are offered at many,of the Comqynity Colleges.

Numerous elements involved in this postsecondary system have
a role in determining the quality and content of ‘engineering
education programs’. A preliminary review of prior studies of
engineering education was made to determine which§e1emeﬁts
should be selected for further investigation as-part of this

" study. 'The areas chosen for further review were recommendations
of previous studies of engineering education; accreditation;
hiring, promotion, and tenure selection practices; attitudes of
engineering educators, students and employers of engineers;
the content of undergraduate education: continuing educakion; !
and the‘ﬁeve1opment of an advisory committee system' (see Sections
V-E, Comprehensive Summary, and VII)." A discussion of each of

TR N 3\\4
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(For,reader reference, the pages upth

-— . " these areas follows.
: - which the quotes appeared in the original documents are noted. )~
"R 1.. Prior Studies i

04

:‘Many studies in the past 50 years have attempted to N

of

answer major questions. as to what the content of a basic
engineering degree program should be. Since the mid-1950s.,

‘there has béen a downward shift in the credit hour require- -

ments in engineering baccalaureate degree programs from
about 150 to 128 semester credit hours. Much of the tech-

'nology-oriented program content--surveying, heat treating,

machine shop. foundry-Zhas been _eliminated. Efforts have
been made to include more courses in the humanities to
provide engineering students with gredter exposure to the
nontechnical concerns of engineering practice, and the

fields of basic science, mathematics, and computer science
H

have received increased emphasis.

* Eight prior studies were reviewed to determ;pe their effect

¢t

upon engineering education:

Report on Evaluation of Engiﬁeering Education
ilEe Grinter Report), American Society for Engineering
"Education, 1955; ) : - N

General Education in Engineering: Report-of the Committee
for the Humanistic-Social Research Project, ASEE, 1955;

An En ineering Master Plan. Study. for the University of
California, Tﬁe Engineering Advisory Countil, 1965;

The Pre]imiﬁér% Goals Report, ASEE, 1965, and The Final-
GBEWE'ReEort, SEE, 1968; . . )

A Study of a Profession and Professional Education, -
Allen B. Rosenstein, 1968; K

NN
<

Liberal Learning for the Engineer: Report of the
Humanistic-Secfal Research Project, ASEE, 1968; .

Future Directions for Engineering Education: System .

Response to a Changing World, a repart by the Center for .-
#Policy Alternatives prepared for the School. of Engineering

of the Massachusetts Institute of Technology, ASEE, 1975;

Project E-E: Energy, and Eng?neering fducation,‘Prqfe§~
sional EngTneering and Research ConsuTtarts, 1975.

Py




The findings of each study were examined, and the -recommen-

- oL dations made were catego¥ized according to the "fields of -
e S < .- understanding" and other categories. This information is
B . found in Table 3 immediately following this section. Two
i - < » of the studies, General Education in Engineering and Liberal

: ) . Learning for the Engineer, were not included in the cate-

- . gorization scheme because of their limited scope. Literature
. . .~ concerning engititering &ducation was then reviewed to deter-
. LR . . mine the impact of these studies. ' :

s

. The following is a review of each study:

a. Report on the Evaluation of Engﬁneéring Education . i

" The Committee on Evaluation of Engineering Education ;
of the American Society for Engineering Education
(ASEE) was appointed by the society's president in
May, 1952, upon the recommendation of the 1951 Committee

. . ) d on Adequacy and Standards of Engineering Education and
o . e o ‘ the Engineers' Council for Professional Development and -
T ' ASEE committees. . The Committee was.asked to develop
R - standards to aid ECPD in "bringing engineering accredi-

tation in consonance with future responsibilities of
v engineers." (p. 3) . -

R ) . The Committee's report (commonly kriown as thé Grinter -
t T Report) stressed the need for more mathematics and

.oy science in engineering curricula, with emphasis on
L _ ‘"education directed toward the creative and practical
o T ) " phases of design, involving analysis, 'synthesis, devel-
3 : , opment, and engineering research as the most distinctive
¢ L s feature of engineering curricula.” (Page:14.) The
e report also noted. the imporfance of orienting engineering E
: educdtion toward the obligation of the profession to .

, \ ) society, but it did not propose that this obligation.be " O

. i ‘ realized through a substantial reordering .of nontechnical .

o * . ' content in engineering education.

o . ' Since the Grinter Report was published,.basic principles . !
: ' have been given increased emphasis in engineering pro- , * ¢

L grams.- This may. be Targely due to increased federal ‘ ‘.
y . . . funding for basic-research in the late 1950s, and a
- ) +. v = concentrated effort to increase the number of graduate
% ‘ : - dégree engineers. with a basic, research orientation 1/.

. o However, emphasis on the creative and practical phases

of design have been reduced. . '

Lo
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b. General Education ip Engineering: Report of the
Committee for the Humangstic-Social Reseayph Praject
This project was a by-product of the Grinter Report.
Its purposé was "to consolidate and make ‘available the
experience of engineering schools during the past ten .
years in developing workable programs of study in the -
humanities and social sciences; and to make recommenda-
tions ‘Tooking to the future:strengthéning of thiss
portion 4f engineering education.” (Page 627, Jeournal of
Engineeridg Education, April 1956.) R

A

- Competent observers .conducted over a thousand inter-
views of engineering educators and made follow-up
reports. These interviews indicated that engineering
education programs were extremely diverse, and the
data obtgined from them were not readily reducible to
tabular form.

'It was observed . . . "that engineering educators
’ ~$taroughout the country are ‘in nearly unanimous
. * agreement that their students would profit--as .

professional men, .as citizens, and as in-
dividuals--from a fuller acquaintance with the
‘resources of the huimanistic and social sciences;
that a sizable number of these same.educators
are honestly fedrful’ that attempts to incorpordte
into already Qv rcrowded'curricu]a substantial
programs of humanistic-social studies may either

- Jeopardize the quality of the technical education,

*or lead to superficiality in the treatment of .

the humanities and social sciences; but that some '

- thirty or more of our leading engineering schools
have demonstrated such fears t4 be' groundless by
developing carefully.planned programs that proyide
a sound introduction to the humanities and social
sciences while simultaneously reinforcing the
student’s' engineering training.” (p. 623)

. Relying upon the professional Jjudgment, of many engineer-,
ing educators, the study discussed the selection and
development of an ‘eagineering faculty, curricular
content as related:to the objectives of ‘engineering
education, the evolution of engineering curricula,
special factors that influence uhdergraduate educational’
achievement, and graduate study in engineering,

ﬁi The report concluded that the most common cause of un-
" successful engineering-designed ‘1iberal arts programs
¥ was unilateral planning by engineering faculty. Often
* the 1iberd] arts faculty were not included in the early
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planning stages of such programs, causing resentment
which precluded their later cooperation. At ttmes.
their resentment grew jntq "overt opposition.” To

. eliminate this situation, the study stressed the &

importance -of joint p?ann1ng and cooperat10n between
engineering and Tiberal arts faculty in the development
and admrn1strat1on of 1iberal arts programs for engi-
neering students (p. 666)

An Eng1neer1ng Master PTan Study for the Un1vgrs~ty

of Ca11forn1a V4

This study was conducted by the Engineering Advisory
Council in response to concerns expressed by many en-
gineers, i.e., whether parallel practice- and research-
oriented professional graduate programs should be
developed; whether more confent should be included i
undergraduate education; whether the qua11fy of under-
graduate instruction can be maintained in an atmosphere
dominated, at many schools, by graduate study and re-
seéarch; and whether faculty should be added to stimulate
greater faculty attention to teach1ng and to continuing
education, and to-enlarge the professionally qualified
segments of the facu1t1es as compared with. the research-
oriented segments.

The Council concluded that engineers shou]d be broadly
educated -

“Because the eng1neer must’ please peop1e with

his works, . he must understand, _as much as-his

time permits, not only the sciences, but also . -
the current laws, rules, customs and procedures

of his society. Because fie has.a major social
responsibility, he must eventually deal in aes-
thetics, philosophies; mores, folkways, and ‘many
emotional and seemingly irrational ‘aspects of
human behavior. The scientist, on the other

hand, can seldom predict with accuracy the social
consequences of his’ undertakings. He must spemd -
more t%me at the frontier of knowledge in his
special’ field and less on the socjal, ‘economic,
and pol1t1ca1 1mp11cat1on of his discoveries. -

- "In both engineering and sc1ence new information

is being developed at a rapid rate During the
. next decade, there will be high rates of change
*ip many of ‘our political and social 1nst1tut1ons,
as well as- in-our.technologies and our business’
and physical environments. [t thus appears
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that two very desirable educational goals
" are impossible of accomplishment: (1) A~ ,

student cannot be equipped to—knpow- all there -

is about,everythjng dpplicable to engineer-

ing practice; there is too much to know. . ~/

{2) He cannot even be equipped for the dura- . :

tion of his lifetime; too much will change." (p. 26)

In effect, the study supported the need for engineers ’ v -
to have at least some knowledge of the "fields of '
understanding.” It also made numerous observations

concerning faculty: . ;

"That the single most important requiégment
for an excellent engineering-program is an
outstanding faculty. (p. 121) _ ' ) -

"That 'the faculty must excel in teaching and . -
must have collective excellence in the acti- ‘
Vvities for which students are being trained.
A proper balance of faculty competence is
important, not only for teaching and student -
guidance, but also for educational policy
making,' ( p. 121) ' -
"That 'the programs of instruction in engineer-
ing must be designed for. undergraduates, for oo ot
both proféssionally and academically orjented ’
« graduate stydents, .and for continuing education. h
programs. The ‘University maintains strong
faculties in.support of the undergraduate and T
academic graduate programs. However, the
Composition of the .present faculties’y and the
associated evaluation and reward system will
not adequately support the expanded profes-
sional graduate or continuing education pro-
grams.' (p. 121) . N
“That 'the University's formal statement of
its expectations as to.faculty performance is.-
adequate for the evalyation-of engineering
faculty members provided it$ interpretation .
-can ‘be changed to place greater emphasis-on ' -
quality of teaching and on *forms of credtive ) ’
achievement other than research.' (p. 121)

"That in practice promotional po]iciés'have
been 'interpreted to give recognitionmin the
area of creative work only to research as

.

. . « -
. ‘ '
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documented by publications. Thus, only fac-
ulty members whose creative activity is in
research are satisfactorily evaluated at
present. The faculty members whose creative
work is not in the area recognized as re-
search are disadvantaged. Those working in-
more than .one creative area often have dif-
ficulty, too, even when one of the areas is
research. The excellence of .teaching is

not weighted strongly enough. A result has
been the evolution of a research-dominated
education program, albeit one of high
quality. Undergraduate and.professional 1%‘
graduate instruction-and ¢ontinuing educatidon
have been handicapped.'" ( p. 132),

Based on these observations and otheréﬂ the study
concluded that teaching should be a main faculty
duty; that some professors should have continuing
involvement with engineering design and develdpment

. in industry and governmént during summers and on

leaves; that some: professors should give substantial

© attention to continuing education; that the Univer-

sity should give major attention to the.maintenance
of a competitive system of faculty remuneration;
and that a task force of department chairmen and :
Engineering .Advisory Council members should be formed
to investigate the evaluation of .teaching and creative
achievement in tenure s&]ection and pﬁomotion_prap-
tices. ) o ’ . o
- ~

The Pre]imina}y and Final Goals Reports

In 1961, the ECPD requested the ASEE to conduct'a '+
study of the goals of engineering education, financed .

by .a $300,000 Natfonal Science Foundation grant. Two
reports were issued as a result .of this study. Both

- outlined the growing dichotomy between research- .

o

oriented and practice-oriented activities and con-
cluded that a two-stem: approach. to_engineering edu-
cation should be developed, one emphasizing practice;
the other; research.” The reports also recommegded
that engineering stqﬂ%nts should be given greater
exposure to the humanities and social sciences. The
Preliminary Report’recommendéd ". . . that during the
next five years the accrediting activity of ECPD be
gradually shifted from the bachelor's degree to .the
master's degree, or. in other words, that the first
professional~degree be considered the master's degree,
and the bachelor's dedree be considered an introduc-
tory degree." (p. 36) - : :

- ~
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As part of the Educational nge]opﬁént Program of the -

.In his disqus$ion'of the "crisis. of the profession," - °

* our professionda® schools.

’ ?
FE |
|
i 1
. e ¢ g v - i
. e s . oo )
The recommendation was rewritten in the Final Report :

to read: - o . o

. . . it is recommended that the engineering
profession and engineering educators recognize .
the inevitability of increased graduate 1evel

education in the future. and take whatever'steps

are .necessary to provide the opportunity for-at

least one year of-graduate study.for the majority .. ° .

of those who.witl complete their undergraduate ,

education during the coming decade . . ... That - s

during the next decade basic engineering edu- Vo

cation be extended to include at-least one year .

of graduate-:level’ education leading to the

master's degree." (pp. 13-14)

A Study of a;Profés;iOn and Professional Education

Engineering Department of the University of California
at Los® Angeles, the.study began as one of engineering
education-with an emphasis on-the design of undergraduate &
and graduate”egucation programs... It evolved into a study
of -.the professions in general, but focusgg on the ‘ )
engineering proféssidn. In explaining why the study -
was conducted, Mr. Rosenstein, the principal investi- .  ° v
gator, -wrote: . : .
"The !crisis of the profession' which preci-
pitated ‘our study has roots both inside and
outside the university. It reflects massive
changes’ in the professions, in the university,
in technology and in sgciety. f[The problems of
professionaT i
" the accelerating $acio-t ¥cal changes that
have. been affecting and transforming every pro-
fession and every major university during the .
past several decades.” (p.’x) » '

Mrs Rosenstein’ noted th& declining position of thé

United States as an exporter of technology and capital . '
goods; then discussed,the relationship of the nation's -
competitiVe posture and.¥nterests to activities of

He cited several examples
that suggested such a relationship, but concluded that
the exact nature of the relationship was yet to be '
déetermined. -~ S .

-
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'Rosenste1n a]so quest1oned whether research alone

could solve many of soc1et/ S prob1ems As evidence, .
he cited the lack of a positive correlation between

. Nobel Prizes received in medicine and the quality of .
our nation's medical services.

He also oEserved that: - ° ) -

" "The pressures upon thi€ personnel of the profes-
sional colleges have became overpowering. The
flight from teaching is well-documente

a professional course with open-
" Lt.is -easier to concentrate in ¥ specialized
scientific area than to underta e solution
of substantial professiona1'prob1ems with a
slower paper production rate.’ The young assistant
professor has 1ittle choice. Faced with the
_ per1ls of "pub11sh or perish," -only the foolhardy
will assume'a profess1onal stance.

.q.“Professors, ]1keua11 other living organisms:

“tend: to replicate themselves. One cannot expect
a young-professor who has gone directly from
his Ph.D. to teaching wi thout any professional
experience to-produce anything other, than a
Ph.D. with 1ittle understanding of the profession
in which he has 1ittle desire to practice. The -
inbreeding consequences of the past two decades
have )nf1uenced the professional curriculum. In .
enginéering, for example, the undergraduate mathe-
matics and science courses have received a long-
overdue renovation and modernization. On the
other hand, the older, empirically-based engi-
neering subJects have been discarded and too often
* have pot been replaced with a modern professional .
stem." (p. II, 7-8) .

Based on‘these observat1ons and conc1us1ons, ROSen-

stein recommended that professionai education should
be evaluated on a regular basis. ' He developed a
method of curricuéar design and recommerded that the
professional schogls teach courses in applied humani-
ties, and fpr the general campus, offer courses on the
professions and society. "In.the'area of engineering
education, he emphasized the importance and need for
teaching more design/applications.

L
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f. "Liberal Learning for the Engineer

!

‘Thjs study, conducted by the Humanistic-Social Research
& Project Committee of ASEE.in response to charges that
éé‘the'engineering students' education was inadequate
.'?i and irrelevant, was designed:

". . . to formulate goals for the humanities

. ; and social 'sciences which are relevant, to the ]
changing character -of society and the changing
: - role of the engineer in society; to examine -
. . the resources available and the thanging em-
3 .phases and directions within the humanities

and social sciences as they afféct“p]anning,
_ staffing,'and teaching of courses and programs
. - for engineering students; to gather information
concerning chahges which have taken place in
. ) the humanistic-social education of engineering
students within the last decade and to.identify
‘trends, situations, programs, and courses which
appear to further selected goals; and to -draw
* up guidelines for ‘teachers, administrators, and
policy makers in order to assist them in achiev-
o ing their desired goals .in specifig.institutional
° situations." (p. 6) ° C v

. The following statement summarizes the findings of the
. ~ study: A ) .

! A -
".". . there is Tittle sign as yet that either
new programs, or the new=found status of humanists
' § T and social scientists, .is even beginning to meet
) the challenge of thange ‘in our technological cul-
- ture and in the role of thg engineer within it.
Most revisions of program appéar to be matters
of -minot adjustment.rather than major overhaul.
¢ Very few involve liberal attempts to give the .
student a sense of the overall picture--the .inter-
actions and interrelations within the context in
. which he will live as a person and work as a pro-
fessional man. Nor does one find much awareness
~of the importance to the whole enterprise of
tnvolving-the engineering-student in the. life
of the 'campus, both its culture and-its contro-
versy." (p. 12) , ~ ‘ o

~The study concluded that it was not possible to formulate
. a fully developed program which could be offered as a
‘o - general solution to the problem of humanistic and social
content in engineering education, but did develop some
general recommendations: ". . . that developmental and

- . . Eﬁé
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contextual objectives shoutd be emphasized and their
implications should be thorotighly-explored;~and that

the humanities and social -scien should be treated ‘ ,
not as a separate stem, but as an integral part of a
liberal engineering education." The study also recom-
mended that " a qualified humanist or social §Bigg§%§t
should be invited to join each accrediting team, an

be asked to study-the humanistic-social part of the
program." The suggestion was not, however, adopted

by the ‘Engineers' Council for Professional Development.

'

.” Future D1rect1ons for End1neer1ng Educataon System

Response to a Changing World

In 1972, the MIT School of Engineering supported a

s tudy of engineering education conducted by the MIT
Center for Pol®cy Altérnatives. " The study was initi-
ated "to examine the eng1neer1ng education system in
a: chang1n@ world" (p. 3). A committee composed of
ena1neer1ng educators, employers of engineers and
several nonengineers ana1yzed‘the information gathered

Y

. . by the Center and drew upon their exper1ence to draft

the report . N

¢

The comm1ttee made numerous observat1ons some of which

- abe summarized below:

&7

'~ are faced with the growing importance of new re-.

* process. Consumers are demanding- improved pro-% .

" use of products and affect the techno]ogy and -

"During the 1ast twenty years military and space
programs stimulated demand for engmeermg
scientists. Future demand for engineers will
probably be in the traditional and more sTowly.
expanding  sectors. -However, demand for new power
plants will result in considerable demand for .
engineers w1th a design orientation: (p. 39).
"Just as socia] econpmic, *legal, and po11t1ca1 '
considerations now must be considered more fully
" in work for the federal government, industries

quirements arising from chang1ng demands- of the.. .,
market or of the society. through the political. <.

duct performance. Safety and ‘consumer regulations
- have become more pervas1ve and restrictive. Envi-
ronmental considerations determine the design and

tocation of production plants.” The rising-costs

of fuel-and mineral resources influence engi- )
neering decisions and create oppartunities for new
engineering work in the developnént of more:effi-

cient technology. The engineering of, social systems .
' ~ v
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) . ) . o b .
. ) - g;dical, educational, and goilernmer?tal systems)

requires greater consideration of human values
and attitudes and the characteristics of sogietal
institutions. These changing emphases are not

+ yet generally reflected by changes in engineering

education. (p. 39).

"Eﬁginéériné training is being used more often

-as a foundation for graduate study in other

fields, such as business and public administra<
tion, law and icine. (p. 40) .

"Work and cireers gf engineers change signifi
cantly durin r lifetimes. These chgnges®
are caused by their own growth, the reqfire-

‘ments of their employers, changes in the tech-

exnd ™

nology they use in their work, the changing

‘market, and changes-in national goals and socie- .

°

"At present, there are few programs: which pro-"
vide for retraining and. relocation, little -
evidence that it can be done effectively, and
lTittle financial support available. Also, it

has not been-established that present engineering .
education prepares the student with the httitudes
or skills to take advantage of the opportunities:-
of a changing career. (p. 41). . '

tal attitudes. \E

Ll

“A decade of protest and turmoil has left en-
gineering campuses and students only slightly
changed. As before, the engineering student

is comparatively pragmatic, self-directed, not

‘people-oriented, and desirous “af ‘unambiguous

sitbations and structured work. Existing en-
gineering education patterns, centered on .
analysisy, problem sets, and abstract symbol
manipulation, may reinforce such characteristics
rather than people-oriented traits and ‘skills.

“If, as we believe, tﬁz‘atgfpf engineering
requires skill in the use oF intuitive proces-
ses, in dealing with uncertainty and ambiguity,
in problem definition-and solution; then it is

no wonder that design is hard_to teach engineering
undergraduates’, especially in the upper years.

This is in sharp contrast to fields such as archi-
- tecture where creative design ability is expected

and nurtured dt-all stages of the educational

process.
46
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"There is considerable evidence -that many rela- .
t1ve1y f]ex1b]e, less analytical students leave :
. engineering by either changing majors- dur1nc

the undergraduate years pr. by changing fields

after graduatioh. Other students change to less

prescribed curricula than are offered by tradi--

tional enaineering curricula in search of flexi-

bility and wider opt1ons for the future. These

"dropouts" from engineering may be the very — " -
people who could best deal with the ambiguities
of the greater number of eng1neer1ng prob]ens "
(p. 42) :

Based upon findings such as_these,_the committee con-

cluded that design and clinical experience should be

integral parts of engineering education; that morex
" schools ought to offer “"bachelor of eng1neer1ng" de-

gree programs for students planning graduate study in

prof: ns other than engineering; that more effec-

v 4

Project E-E: En rgy and Enaineering Education

Project E-E was conducted by Profess1o 1 Eng1neer1ng !

and Research CInsultants: for the Califonni '

ommittee on Educdtion. Its purpose wagq to 1dent1fy
energy related research projects ‘being ¢ ngucted by

.. institutions of higher education in Califd nia, and to
examine engineering and science curricula_as it relates:

. to the training of engineers ‘and scientists ti cope -

the broad 1mp11cat1ons of the: energy problem.:

“

} Data gathered in v1s1tat1ons made to severa] campuses
of ‘the University of California, the Ca11forn1a State
University and Colleges System, and 1ndependent col-

- 1eges indicated: - ’

- that courses which increase the engineer's aware- 4
~ ness of ‘the interaction of the physical sc1ences .

-With the biological,. social, politicalp’economic, i
-and environmental sciences should be required; - .

- that “"parallel Tadders" should be developed to
recognize research, teaching, and pub]ic service;

- that professional experience should be one of the

. cr1ter1a for employment as a member of the engi- :
neering ‘faculty; . .

T 65 | @
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that ‘the current emphasis upon basic principles
should be expanded to cover an appreciation of
. engineering technolpogy; - '

]
h

that undergfaduate progkams should be .oriented
in"a direction permitting studehts the option
of emphasizing either research or practice;

that -the-California-Postsecondary Education Com-
mission should establish a mechanism for the R
continual evaluation of the relevance of engi-
neering and scientific education; and

that an investigation should be-undertaken to
determine the relationship between engineering ('
Ticensure in the State of California and engi-
neering curricula. )

Summary

A basic concern in the eight studies which werd reviewed -
was the impact of changing technoloay and societal

needs on engineering education. The lack of practice-
-oriented programs; inadequate social and humanistic
content; insufficient credit hour requirements for a
professional'degree; and inadequate faculty evaluation ., |
practices were the major problems identified by the

studies. Numerous recommendations were made to alle-

viate the problems, but-very 1ittle evidence:exists -
indicating that the necommendations have been implemented.

As indicated in Table 3 011éwing, "there was a high .
~ degree of simiTarity infthe recommendations of most of
the studies; that is, that courses be more effectively
taught in most of th +elds of understanding." Other
recommendations propds new accreditation criteria
be adopted by ECPD; ‘hat-articulation between colleges
and universities be improved; that curricula flexibi-
Tity and diversity be‘encodraged; that both research-

, and practice-oriented programs be offered; that under-
graduate education continue to offer the;bachelor -of
science degree, yet base the curricuta on the assumption
that students will obtain a’master's degree; that engi-
neering students be provided with practical enginegering
experience; that faculty be exposed to engineering prac-
tice; and that teaching positions be made available .to e
practicing engineers. . _—

The similarity of reébmmendations.may jndicate that
" changes- made in engineering education programs .have not
been adgquate, and/or that there is a need for engineering
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educat1on to cont1nuousTy change to meet the chang1ng N ‘ )
demands for eng1neer1ng sk1lls I

j. Authors of Previous Studies T .
A . A . .
N - . » ¢% The principal authors-of four previous studies, and
CocL .. . . - others closely involved, were contacted to obtain their '
o, ‘ . - opinions on the impact of the- following four studies: <
; . ~ the Evaluation of Engineering:Education: (the "Grinter ’
- ZgReport") the Master Plan Study, the Final .Goals Report, - o s
| and A Study,of a Profession_and Professional tducation.
f

Responses to three questions were solicited: -

) - Do you feel that the recommendationé. are still ' -
- valid in 1ight of the engineering env1ronment S
/. of 19767.

.’
- s,

i
|
i€

. , = Have any of the recommendations been 1mp1emented?

s - Which recommendat1ons should be 1mp1emented on a N
Y ’ . _ high pr1or1ty basis? .

v

:.!: ’ : © (1) Evaluation of Eng1neeﬁina Education :,/77

L. E. Grinter, then Cha1rman of the Committee
- responsibe- for ithis report, replied that he

o e -. believed the report ". . . opened the curricula

. ) , of engineering schools to oreater emphasis upon
SO o : science and its gpp11cat1ons~- .~ Hence, . .
© 0 -+ " 1 believe the Reéport's first recommendation has
- g been widely implemented.! In regard to the other.
e . recommendat1ons Dr. Grinter was "less satisfied.”
e g "Engfneer1ng educat1én has actually lost ground
L. L e . in the attemtion it has. g1ven td human1st1c and ) ;
. _ o social studies.” " o _ -

Cooen ‘ (2) Eng1negr1ng Master'P]an Study’ ="

< : Replies were received from R. L. Johnson who ' . S
e . " chaired the. task force which condycted the study, . ¢ .
. t and'from Robert Bromberg, then current Chairman * . — - °

e - ~of the Engineering Advisory Counc11 ,Both're- 7 .
L spondqnts felt that while 1ack1ng some detail and
- . .. statistics, the logic behind the recommendations
< . o was sound, and the recommendations-in .essence,
- * .. remained val1d . Both believed -that.many ‘of the

. . - : recommendations -have been implemented, "some
- - - directly and.others in sp1r1t " .

B
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(3) Final Goals Report

Eric A. Walker, who chaired the ASEE Goals Com-
mittee, and J. M. Pettit, the Director of the
Graduate Phase of the study, replied that the
recommendations were still valid and that the
engineering community in both educational and
accreditation activities was working o implement
the activities. Dr. Walker's interesting com-
ments: . .
"However, I would point out that there are
still two difficulties. First, there is too .
Tittle interaction between the practicing
engineer in industry and the professors of
engineering, with the vesult that engineering
educatfon is not as responsible to the needs
of engineers as it should be. By practicing
engineers, I mean. those who are actually

S~ engaged in putting science to work.

"My other complaint is that too many schools
have adopted the report as being a guidebook
and have not been selective in what they do.

' The report stresses diversity in engineering
education, but too many schools are trying
to do everything.” They are giving instruction
in all branches of engineering and at all '
levels, from the associate degree to the
doctorate. There are few, if any, colleges
and universities that’ can be first-class in
all fields. I believe colleges should be
selective, pick out a few things in which
they can excel and forget about the others."

(4) A Study of a Profession and Professional Education

The principal investigator of this st

Rosenstein, replied that, "Th ommendations

seem more valid th T in light of the ehgineer-

ing envi t of 1976." He estimated that 13 of
8 recommendations ". . . are in the process

of being implemented to some degree in some insti-

tutions." Many of the recommendations being im-

plemented are the same as those which were consid-

 ered high priority items. He added that:

3 en B.

"We are in the process of rewriting the Study .
. to include recommendations for (1) a-continuing
partnership between the public sector, private
. -
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- sector, professions and professiona] schools
for the improvement of the nation's qua11ty
of life and maintenance of the natian's

. competitive position in world markets; (2) re-
structuring the University; (3) means for

* ‘.measuring educational needs and ‘institution-
alizing the change process in higher educations.
(4) common undergradqate professional stems;
and (5) 'sociktal assessment as a regular part
of undergraduate education.”

AN

{5) Summary . ' .

Contrary to the opinions of many observers, the
principal authors of these four Studies agreed
that there had been implementation to some degree
~ of some of the recommendations. By no means was
the degree of implementation always satisfactory,
nor were the number of recommendations acted
upon sufficient.
Contrary opinions among critics and authors on
the matter of whether or not recommendations had
been implemented seemed to be over conflicting
definitions of what constituted change. Where -
most critics were looking for ‘obvious and
immediate implementation, the principal alghors
recognized evolut1enary change, the gradual

adoption of th it of the recommendat1on;
Accreditation : : . '

The Engineers'-Council for Professiona] Development (ECPD)
is one of the single most effective organizations in guiding

_ " the curricula of engineering programs in the educational in-
stitutions of the United States. It is the nationally recog-

nized accrediting agency for engineering programs. This

section examines the creation and development of ECPD and its
accreditation process and guidelines, and analyzes the extent.
of. the organization*s impact on engineering education. :

a. History - N

[ 4 .

In 1928, the Committee on the Economic Status of the

Engineer, appointed by the American Society of Mechan-

ical Engineers (ASME), issued a report which emphasized

the need to improve the status of engineering by estab-

lishing a clear distinction between. the erigineer and

the nonengineer. The report suggested that an educa- .

tional program beginning with high school students would .
. provide engineers and the public with an understanding
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and‘conception of engineering as a profession. In
; . "response to the Committee's report, ASME requested
- . i ’ that other technical societies-join with it in a
“conference of certification of the engineering effort."

During-this same period, the National Council of State
- Boards of Engineering Examiners (NCSBEE) 2/ invited -
. other national engineering societies to aid in the
-, .o ) establishment of a “National Bureau of Engineering
3 ' Registration." .

The plan was to provide unified certification:

. (a; for registration by the State Boards,

(b) for admission to membership in the engin-
eering societies, and (c) for the conferring :
of professional degrees by the engineering
schools. 3/ ~

These efforts became united in the Conference on
Certification into the Engineering Profession, which
was attended by representatives of NCSBEE, American -
Society of Mechanical Engineers (ASME), the American .
Society of Civil Engineers (ASCE),-the American In- L -
) stitute of Electrical Engineers (AIEE), the American

e Institute of Mining Metallurgical -and Petroleum-

Engineers (AIME), the American: Institute of Chemical
. S - Engingers (AIChE), and the Society for Promotion of
. : Engineering Education: (SPEE). 4/ . .

. . In February of 1932, ‘the conference membeﬁghip appointed °
a planning committee consisting of representatives from
each society attending the conference. This committee
met in March of 1932 and developed a comprehensive pro-
gram entitled, "A Plan for Joint Action in the Develop-
ment of the Engineer." The report containing this
program was adopted with anly minor changes by .the con-
ference members in April, 1932. It was then proposed
that the plan be put into effect by calling the first
meeting of the Engineers' Council for Professional

. Development, whose -"coverning objective is to“be the
enhancement of the status of the Engineer." 5/

b. Orgahizaiion

ECPD has been in existence as a private organization for
over 40 years. It presently ig comprised of 15 "par-

ticipating”" and "member" bodies. As defined in ECPD's

Constitution and Rules of Procedure, "member bodies must
. « . have .objectives &nd programs which can effectively
. support those of ECPD, whereas participating bodies must
- . "« . . have objectives and'programs which actively support

- .
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those of ECPD . . . and be . . . actively engaged in . ‘

the dissemination of technical knowledge, and have a
demonstrated interest and capability in _the accredi-
tation process . . .." There is currently one member
body, the National. Institute of Ceramic Engineers
(NICE), and 14 participating bod1es in ECPD:

AIAA, ASGE, SAE, ANS, NCEE, AIIE, ASME AIMW,
IEEE AIChE, ASEE,SME ASAE, NSPE _ oL ’

Applications ﬁor membership must be approved by- the
Board of Directors of ECPD.. To become a.member body,
applications must be approved by the governing boards
of at least two-thirds+of the member bodies; to become

' a participating body, applications must be approved by

at least two<-thirds of the participating bodies. .

ECPD is governed by a Board of Directors which enacts -

policy and manages the organization. Dues income of-_ v
the participating bodies determines how many "repre- ¥’
sentative directors"” each may appoint to the Board. If

this income is less than $700,000, the participating '

body can appoint one director to the Board; if it is

greater than $700,000 and less than $1,200,000, it may

appoint three directors. The Board of Directors must

abide by the Rules of Procedure. .

-In addition to its policy-making respons1b111t1es, the .

Board of Directors determines the dues_each member shall .
pay to-support the annual operating budaet of ECPD. Each
member body must pay $1,000. The annual. assessment for
each member body consists of two parts. The first part
is a-fixed amount equal to that paid by the member bod1es.
The second part is in proportion to the annual dues - '

“income (exclud1na student dues) of each participating
‘body. The minimum annual assessment for each part1c1pa-

ting body is $2,000.

As a participating- body, NCEE is entitled to representa-
tion on-the Board of Directors of ECPD., Thus, as a
result of their membersh1p~1n NCEE, the’ 5tate boards of
registration have a' voice in ECPD's policy-making pro-
cess. In addition, boards of registration may send
observers on ECPD’ accreditation visits to colledes and
universities. - -

The accred;taf%on gu1de11nes can be found in ECPD s
Annual Report. Present guidelines are fairly.broad

and do not include a minimum credit hour requirement -
for a bachelor of Science degree. Because there is no
uniformity across the country in the basic credit units .
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for a degree, ECPD has not attempted to set up a s
- Strict unit requirement for bachelor of science i
, ) -~ engineering degree programs. Instead, ECPD accepts
o four full academic -years as ‘the time necessary for
-completing a basic Tevel baccalaureate program in
engineering. Across the nation, these four years
could mean anything from 40 to 500 credit hours,
depending upon the credit-hour system used by the
institution. As @ result of the use of different
credit-hour systems, ECPD ‘takes the total number of
<. units required by the institution for a baccalaureate
degree, then divides by four to obtain what “one full
year" means in a particular program. Further sub-
divisions then provide the necessarf\standard.

The Engineering Education and, Accreditation Committee ,
of ECPD is responsible for the formulation of accredi-
tation guidelines. Members of the committee are
appointéd by the presiden(bpf ECPD, subject to appro-
val by the participating bbdy holding curricular
responsibility in the disciplinary field that the .
appointee is representing. Membership on the committee
. is by formula, and is structured so that those dis-
ciplines having a larger number of programs also have
c . . @ larger number of representatives than those having
a smaller number of programs : ) -

Persons are appointed,to the committee in accordance
with Sections 10 and 11 of ECPD's bylaws. Appointments
to the committee are primarily based upon previous
experience on accreditation visits and knowl edge of
the particular discipline assigned. Thus’, persons
usually become active in ECPD's accreditation process-
by participating on an ad hoc visiting team. Appoint-

- ment as an ad hoc visitor Tndicates, that the person is
well-versed in a given discipTine and considered capable
of passing judgment on the quality of educational pro-

- grams in that discipline. Successful service as an ad

+ hoc visitor on several ‘accreditation visits makes a

L person an eligible candidate for vice chairman of a
region: Successful work in this capacity can then

qualify a person for a regional chairmanship.- Further
evidence of Teadership and  understanding of accreditation
can then enable this person to be nominated as an officer
of the Engineering Education and Accreditation Committee.

. Since the individual disciplinary programs,- rather than
the entirg, engineering college, school, or department
are. accredited, an institution must petition to have a
specific program evaluated for accreditation. After
making application, an institutjon receives a detailed

a
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questionnaire from ECPD. The data submitted-by the
institution in response.to the questionnaire, and

~ the supplemental report on an on-site visit by an

ECPD accrediting team, are used to evaluate the proaram

for accreditation.

o \ .

There are several steps in the selection process for
visiting members. Each participating body submits a..
list of members who they feel are qualified to participate
in accreditation activities to ECPD. Once an institution
has applied for accreditation, a team chairman selécts
those individuals from ‘the off1c1a1 Tist who he feels
‘are mo t qualified, as a result of their preparation
and’ ex ertise, to evaluate that particular program.

This second Tist, Usually containing the names of sev-
eral .persons who could competently evaluate the program,
is then-sent to the institution for approval. The judg-
ment of the visiting team must not only be acceptable

to ECPD, but also to the institution being evaluated

- for accreditation. Consequently, the institution seeking
accreditation can eliminate from the second list anyone
they consider- unsuitable. - (According to ECPD, there
are many cases where a university has had dealings with
an individual on a consultant basis, or in some other
capacity, that would create a conflict of interest.)
Nevertheless, since the ECPD ‘accreditation team chair--
man selects the list of names from which the institution
must choose, the determination of who will participate
on the-visiting team u1t1mate1y remains the respons1b111ty
of ECPD.

Prior to the visit, each member of the visiting committee
- is prov1ded with a dossier of information, supplied by
the institution, which explains the total campus education
effort. The team members review this material and subse-
quently verify this information and qualitatively assess
~such factors as “intellectual atmosphere, staff morale, and
caliber, of the student body duringstheir visitation. The.
team must then projéct the potential competency of the
«.graduates two years, four years, and six years into the,

, future. "There must be a subjective analysis of what will
‘be’ required two years, four years, and six years hence

in the practice of that particular engineering discipline.
Once this process is completed, the accrediting team has
a debriefing session with the members of the institution-
to help assess the weaknesses and strengths noted by the

© team.

.
Many pract1c1ng eng1neers have crft1cized the dom1nance :
of ECPD's accreditation efforts by engineering educators .
Some have even suggested that educators evaluating other
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educators is "incestuous," and that engineering
educators do not undérstand the problems of vengineer- -
ing companies and consequently are not capable of
giving the engineering student an understanding of
the problems that confront most practicing engineers,
- Others, however, have argued that most. practicing
engineers are not qualified to evaluate engineering
education programs because they do not understand the-
problems that confront most educators or have insight
into the basic requirements of the field of edutation.
Unfortunately, interest in the educational- process
\k/’° among practicing engineers is generally minor, and
very few experienced engineers have taken advantage
of the available opportunities to assist the educa-~
tional process. Consequently, the accreditation pro-
. cess has rqggined dominated by educators even though
an equal balance of reprgsentation by practitioners
and- educators -is sought by ECPD. :
ECPD relies upon member societies to nominate indi-
viduals with a variety of different backgrounds to
§ participate in its-accreditation activities. There is
'f: . * no requirement that the practicing profession and ed-
S ucation be equally represented on the ad hoc visiting-
“teams. The responsibility of the participating
...bedies is simply to provide ECPD with the names of -
. members they feel are qualified to participate in ac-
creditation dctivities. The Executive Director of
ECPD has stated: - i

"Though the 50/50"'distribution has been mentioned -
as a possible ideal situation, it is not necessarily
the ultimate goal. It-is known that the ratio of'
educators’to practicing engineers within any given
discipline shows ]ess than two percent as. educators;
however, not a1l practicing engineers understand
the requirements of the educational process. It
is true that there s a preponderance of educators
> over practicing engineers in previous years. #he past
few years have shown a-concerted effoFt on the part
+of ECPD team chairmen tq select as close as possible
y . a’ 50/50 mix of .educators and practicing engineers
for the visiting teams. The success of this venture
will depend upon tRe successful performance of indus-
trial people versus that of educators and the aware-
ness and cooperation of the disciplinary societies -
~in providing ECPD with a balanced.mixture of the
educators and ihdustrial people for the visitors
, lists.” In some fields this last year (1975), the ba-
) lance of practitioners to educators was 40/60." 6/
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Like the ad hoc visiting comnnttees, the Engineering
Education and Accreditation Committee is also domina-
ted by educators. Currently 22 of its 27 members are
educators. According to ECPD, as more industrial

people participate in accred1tat1on visits, there will
be more 4f them eligible for consideration for committee
‘pos1t1ons ‘ECPD expects that within the next few

years the 50/50 representation may occur in some dis-
c1p11nes ;

In addition to accrediting engineering Bachelor of.. . .-
« Science programs, ECPD also accredits associate and
baccalaureate degree\programs inh engineering tech-
nojogy. Accreditation f these programs is the
‘responsibility of -ECPD's Engineering Technology Com-
mittee. This committee became a standing committee
on October 5, 1964. Since that time, it has established
a basis for accrediting technical institute type pro-
grams, now designated as programs in endineering tech-
nology. The policies, methods of evaluation, criteria
and procedures established by the Engineering Technology
Committee to evaluate these programs are included in
ECPD's annual publication. They parallel those estab-
lished by the Engineering Education and Accreditation
Committee.

ECPD has distinguished betweef eng1neer1ng and engineer-
ing technology in its definition of engineering tech-
nology. According to ECPD,
! Y
-"Engineering techno]ogy 1s part of.a continuum
extending from.the craftsman to the engineer.
Located nearest the engineer, it requires the
application of scientific and engineering prin-
ciples in support of engineering activities.
. - _The support is given whether or not the engi- °
T neering technologist or engineering technician’
is working under the immediate supervision of the
engineer. The term "engineering technician" is
applied to the graduates of the associate, degree
. programs. Graduates of the baccalaureate programs
( - are termed "engineering technologists." 7/

. ECPD-accredited. programs in engineering technolagy
include those offered by.institutes, community col-.
leges, colleges of technology, polytechnic colleges,

» © divisions of co]]eges and universities, and proprietary
schools.

-
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Although companies often employ graduates of these
. ‘ - programs as engineers, they are not fully accepted
or recognized by many practicing engineers as“being
, \\\\equjvalent'to graduates of Bachelor of Science in -
. engineering. programs. Additionally, many state en-
c . gineering registration boards do not ‘recognize this
s ) four-year degree. as satisfactorily meeting the edu-°
cational requirements of state 1icensure. In Cali-
fornia, the State Board -of Registration-does not
viey engineering technolagy education programs as
equivalent to engineering education- programs. An
applicant for registration may obtain four years of
experience credit toward the six-year requirement
. - 'by completing an. ECPD-accredited engineering. Bachelor
of Science program. However, applicants can only
obtain two years of credit for experience by completing
an ECPD-accredited-engineeringvtechno1ogy baccalaureate
program.

a

c.' Summarx

ECPD, is a private organization supported by funds from
its member organizations. These include NCEE and
. numerous engineering technical societies. One of the

organization's principal functions is to accredit

-engineering and engineering technology education/bro-

grams. The accreditdtion standards used are broad

and often supplemented by criteria formulated by en-

gineering technical socigties representing particular
#¥ disciplines. The accreggtation guidelines do not in-

Clude minimum credit-hour requirements.

@

ECPD is the single.mast effective mechanism for initiat-
ing changes .in engineering education.- ,It has attempted

. ’ to increase the involvement of practicing engineers—in
the accreditation process. However, the organization i
dependent upon its member societies who usually nomihate
educators as their representatives (atthough an effort\’
is made to select individuals with varied backarounds).

3. Hiring, Promotion, and Tenure.Evaluation

Significant attention has been given to the structure of the
curricula for engineering education programs in past studies.
(See Appendix C.) However, one of the greatest influencing
-factors in the entire educational delivery system is the
faculty, and faculty "set" or profile which plays a major .
role in the direction of both course content and“presentation.
Set is established by previous experience, habits, bias,
education, and degree -level, and the unique emphasis which
each institution exercises over its total educational program.

_— *
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A survey among the faculty.of the major engineering

schools in California was conducted to determine their

attitude on some of the major issues involved in hiring,

promotion, and tenure. Some of the principal issues in- _

vestigated were the academic degree level of the faculty,

the emphas1s the faculty and institutions placed on de-

grees, engineering practice exper1ence, teaching, and

basic research Responses .on "tenure, hiring, apd pro-

motional po]1c1es were also compiled. A deta1lgd”pr '

sentation of this survey and the findings are presented

in Appendix B.

The survey indicated that a high percentage of facul ty

inembers possess doctorate degrees. It also indicated i

that there is a difference in emphasis placed upon teach-

ing, experience, and research by the different institutions.
-

a. Faculty Education Background

Over 97 percent of the responding facu]ty indicated

that they possessed doctorate degrees and that they o
fe]t this was important. Interestingly, almost 50
percent of these degrees were granted by five edu-
cational institutions in the United States. Of these
institutions, Stanford University ranked highest with

16 percent of all the degrees granted.

b. Faculty Engineering Practice Experience

According to the survey, 98 percent of the engineering
faculty had some engineering practice experience,
reporting an average of 13.2 years each. The Univer-
sity of California cu]ty reported having an average
of 14.3 years; Catifo State University and private
colleges and universities xeported 13.1 and 12. 2
years, respect1ve1y
f1gures’may be somewhat m1s1ead1ng, since facu]ty
membe™g were ihconsistent in their responses. It was
apparent~that some faculty members counted part-time
consulting activities, with their academic responsi-
bitities, on a full-time equivalency basis. For
example, a faculty member with 14 years of academic
experience, including some consulting activity, might

have indicated 14 years of engineering practice experience.

.
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‘ C. Hiring Practices ° — .

~24

Faculty hiring i€ done through a review process
involving tenurfed faculty and school administration.,
Administrators usually make decisions. based upon
recommendations made by committee members'who are
usually tenured.

Faculty members were asked to rank, in order of im-
portance to their schools, nine possible hiring
. criteria. Respondents from the independent colleges
. and universities, and the University of California,
- indicated that the doctorate degree was the single
most important crjterion. Researchwas second in -
importance. Respondents from the California-State
University and Colleges ranked ergineering experience
the highest and the doctorate second. The majority
of al)l the respondents ranked teaching as third in
importance followed by publications. By no means
were these rankings unanimous, and variation existed
between schools in the same system.

d. Tenure Evaluation and Promotional Review—

It was the opinion of 63 percent of the surveyed faculty
‘ . that in the review process the emphasis placed upon
. research, teaching, and public service was influenced , ,
by the composition of the review committees. It was
felt that the review process gave priority to-teaching
and research and did not recognize the importance of
public service. The data in Appendix B shows a split
. ) in attitude on these issues. "Opinion as to the value
) of involving practicing engineers on review commi ttees,
and on the jssue of student involvement in the process
was also split. Non-tenured faculty were most favorable ‘
* to the involvement of practicing engineers, and 83 per: ;
cent of both tenured and non-tenured respondents (felt -
that engineering faculty were adequately represented.

M

\\{

In exploring the issue of basic research versus applied
research, a majority of the faculty respondents .felt
——— , that the review process favored the former rather than
. o the latter. * . . .

f

Engineering professors were asked to rank research,

teaching, and public servicé by the degree of*‘emphasis

that each was given in their departments in promotional

and hiring practices. The results of this inquiry

. showed the basic differences in the three segments of

) higher education. Respondents from the Undversity of
California strongly indicated (86%) that the ranking }f -
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order was research, teaching and public service,
contrasting the rankina given by the respondents

from the California State University and Colleages

and private schools. Public service, research, and
teachiing were ranked in that order of emphasis by

59% of the CSUC faculty, and 68% of the faculty fﬁqm .
the private schools ranked teaching first, with re-

search and public igrvice following.

Attitudé Toward Tenure -*

The attityde of faculty members toward tenure was
evaluated on the basis of the benefits and detriments
they felt were associated with the system. WMost often
academic freedom, or freedom 0 express16n without 5
threat of reprisal, was,sf%ga'fs the primary benefit. -
The principal detriment of the tenure system was iden-
tified as its tendency to support and retain nonpro-
ductive faculty members. (See Appendix B for related
responses.) ] '

Tenure is an emotional subject and ¢an polarize members
of a faculty. The faculty tenure system is paralleled
in both private and pub]1c sectors. While these
systems were created to give employees job security,
complaints about them concern similar. issues. The
basic concern of the hiring, promotional and tenure
systems is whether or not they provide incentives-which
encourage innovativeness and creativity to .enable fac-
ulty to relate their specifiq subject areas to engi-
neering as-a real-life experience. A faculty oriented
in this manner will best serve the ﬁéég;fof the students,
the practicing profession, and society-as a-whole. -

. f

¢

Requiregd Currigula

Periodic concern by the profession and others over the
relationship*“of undergraduate degree programs to the
practice of engineering have resulted in numerous
studies. This section- d1scu;2es the curricula content
of several of the technical majors programs of seven

-. eng ring schools in California. The ."fields af
-understanding," which contain the interrelated parameters

of "engineering practice were used as a basis~for cur- _
ricula.examination in the following schools: which were

"selected to provide a cross, section of California Bache-

lor of Science Eng}neer1ng programs. 8/ Selection cri-
teria included size, geographic 1ocat1on, type of schoo]

~
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University of California, BeXkeley (UCB) .

Y ~ University of California, Dawis (UCD) 1

California State University, e (CSysJ)
»> California Polytechnic State University,

San Luis Obispo (CSUSLO) -

N California Institute of Technology (CALT g‘

Co University of Santa Clara

. West Coast University - "L

L - -
>

Time and financial constraints of the project did not.
permit the examination of two-year engineering related
programs offered by the Community College system. -
Future studies should evaluate this system -and its

effect on students who have received an associate arts
degree and have transferred to a four-year college

or university to complete the bachelor of science degree”
R . in engineering., ' - ;

»
.

- ¢
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s O
/ . ECPD lists (p. 27, ECPD 43rd Annual Report) 27 engi-
- C neering program disciplines in California. These are: -
s . * Aeronautical Engineering
Aeronautics
- Aeronautics and Astronautics
- Aerospace Engineering
Agricultural Engineering ..
. Architectural Engineering
’ Ceramic Engineering.- .
‘ Chemical Engineering
Civil Engineering .
Computer Engineering Cs
. e , Electrical Engineering
. . Electrical and Computer Engineering ,
Electronic Engineering ' ¢ ' ’ s
Engineering ) ' : o
Engineering Materials . , S
oL - Engineering Science .
, i . Environmental Engineering -
Indust®al .Engineering
Industrial and Systems Engineering
- - ‘Industrial Engineering and 0p§;ations Researeh
L Mechanical Engineering
T . Metal lurgical Engineering
. Metallurgy 1 .-
Naval Architecture . I ,
Ocean Engineering . , . WY
-Pétroleum Engineering - - - .
Sanitary Engineering _ ‘ J/f}‘ .
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according to the "fields of understanding."

¥

To provide-an overv1ew v ~of engineering program content,

four chemical, five civil, six electrical, -and six .
mechanical engineering programs were examined. The
course descriptions found in the 1974-75 catalog

of each school were used to classify required courses.
"Specific course requirements" 10/ were categorized
Elective
course requirements were classified as "technical,"
"nontechnical,” or "unrestr1cted 11/ :

Laboratory classes,

science courses. However, if such a course had'a de-
sign or applications component, it was placed in the
des1gn/app]1cat1on category.

The data indicated that four d1fferent cred1t-hour
systems were used: the quarter system was used at

UCB, UCD, and CSUSLO; the semester system was used at
CSUSJ and West Coast University; the unit system was
used at the Universiity of Santa Clara (one unit per

. course; 44 units to graduate); and the unit system

based on each hour per week spent workind dn a course

-(one unit per one hour of course work) at CALTECH

(516 units were requ1red for a BS 1n ‘engineering).

k3

Cumu]at1ve resu]ts from, the 1nvest1gat1on of the seven

institutions and four d1sc1p11nes studied are summarized

below. A more complete 'summary of the findings can bé
found in Tables 4, 5, 6, and 7 immediately following.

(1) Technical Course Requirements

- Required physical and engineering science
courses ranged from.43 to 79 percent (average
57 percent) of the total minimum requ1rements
for a bache]or of sc1ence degree

', - Des1gn/app]1cat1on was the next most’ “significant
area of concentration. <Courses in this category
ranged from 2 -to 18 percent of the total minimum,
requ1rements Seventy percent of the grams

. .examined devoted less than 10 percent #f their
cdrricula requirements to design/application
courses. (Note:/-This 10 percent figure may be
mis]ggding]y high. If a course had a design or
applications component, no matter how small,
it was classified as desﬁ@n/app]1cat1on ) Few,

. if any, courses encompassing the other "fields of

) understanding" were-required, but were ava1]ab1e
at the student S discretion .

‘.“\
.
:

exam1n1ng only phys1ca1 phenomena,
were classified as physical science or engineering
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. TABLE 4

CURRICULUM EVALUATION :
MECHANICAL ENGINEERING REQUIREMENTS
(From 1974-75 Catalogs) :
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. CURRICULUM EVALUATION .  °
ELECTRICAL ENGINEERING REQUIREMENTS

. s ) . ' (From 1974-75 Catalogs) .
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R o _ CURRICULUM EVALUATION -
Lo, . + CIVIL ENGINEERING REQUIREMENTS
@ .. . . (From 1974-75 Catalogs) :
1/ The total ¥sted in the catalog. is'134-138.. To obtain this total, C.E. 112 was
9 counted twice. The actual total is thus 131-135, if C.E. 112 is counted (eont'd,’
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only once,

L 2/ The CALTECH engineering and- applied science opt1on is examined here.
! Bachelor of Science degrees are granted in engineering and applied

' .science, but are not offered in spec1f1c disciplines other than
; chemical- eng1neer1ng Students may, however, choose to specialize
in any of the following areas: aeronautics, applied mechanics,

electronic circuits, environmental engineering science, fluids
) / ’ engingering and jet propulsion, mechanical behavior of materials,
/ mechanical design, physical metallurgy, structural and soil mechanics,
; ; structures and properties of atloys. (A Master's degree is offered
and recommended in chemical, civil, electrical and mechanical
engineering.) .

communications and control, computer science, efectron device physics,

-
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2/ .The minimum units requirement found on page 46 of the 1974-75 UCB
general catalog is 180 units. - The requirements found in the 1974-75
UCB College of Engineering catalog total 183 units. ‘
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(2) Ethics

—————

Although ethics was a required component in-only 32

- percent’of all the programs reviewed, it never con-

" stituted more.than 2 percent of the total unit

" requirements (usually one course). The following
programs required such courses: ’

.

1. One out of ‘four chemica)] engineering prografis;

2. Three out of six electrical engineering pro- °
_grams; :

. . ’ b 1 - : , .
3. One out of five civil enginedring programs ;
and _ . :

4. *hree out,of six mechanical engineering

P

‘programs. - x

Communication Arts

Sixty-eight percent of the enyineering programs
required 3 course.-in communication arts, but never
‘constituted more than 5 percent of the total unit
requirements. .

Program Flexibility '

- Program flexibility varisd substantially:

~

.. The number of technical electives engineering
students werg required to' take ranged from -
‘0 - 21 percent. K :

The number of nontechnical electives é;gineer-
ing students were required to take ranged
from 0 - 30 percent.

The number of unrestricted electives gngineer-
ing students were required to take ranged from
0 - 13 percent. S -

Possible design/application content varied as
a function of the number of technical and un-
restricted electives required and the number
of such courses offered.

Humanistic and social content varied as a
“function of the number of nontechnical and
unrestricted electives, required. Thus, this
content varied from 11 to 36 percent of total

|
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program content depending upon the program's
flexibility. (The average was slightly less
than 20 percent.)

(5) Life Science -

Only one schpol (out of the seven schools exam1ned)
requ1red a course in life sciences.

(6) Unit Requirements

Most engineering education programs required . the-

equivalent of 180 quarter units or 130 semester ~

Xredit hours. California State University, San

Luis Obispo, was the most notable exception, re-

quiring 200 quarter units for a Bachelor of Science
.+in eng1neer1gg L

(7) Summarx

Bachelor of science digree:course requirements
varied substantially from discipline to d1sc1p11ne
and institution to'institution. The greakest pro-
portion of required courses were usually in the
engineering and physical sciences. Only a very
small percentage of the total course requirements
were devoted to design/application and communica-

’

tion arts. Moreover, very few courses were required

in the remaining "f1e1ds of understand1ng " (For
example, most programs did not require a .course in
ethics.) But, by carefu1]y selecting electives,
students cou]d acquire an exposure to, and aware-
ness of, most of the "fields of understanding.”
The extent of this exposure would, however, be
limited by the credit-hour requirements for a
bachelor of science degree : -// s

Elective Curr1cu1a

k]

-

The review of required curricula revealed that gram

flexibility varied substantially from campus to campus °

and discipline to discipline. Even so, the flexibility
provided on fost campuses was such that the student

‘could obtain classes in most of the "fields of under-

standing," if he chose-to do so. To determine whether
students'were actually choosing elective classes’

that would provide some exposure to the Vfields of
understanding," depersonalized transcripts 12/ of
eng1neer1ng students. were examined. .

L]
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. ascertain the_degree of emphasis plac®d upon each

" West Coast Untversity

. neering students were not¥exposed to many of the "fields

An initial samp1iﬁg.of depersohalized transcripts was
obtained from the University of California, Davis, to
determine the feasibi]ity‘of reviewing them, and" to .

“field of understanding" in engineering education.
Although. the complete transcripts of students who had
transferred from one institution to another were dif-
ficult to obtain, the results of this preliminary
survey indicated the feasibility of transcript review
and analysis. ’ ’

Subsequently, transcripts were ;equésged‘from'thg six.
other institutions whose catalogs had previously been

%famined: These institutions were:
University of California, Berkeley (UCB)
California Polytechnic State University, San~”
Luis Obispo (CSUSLQ)
-California State University, San'Jose (CSUSJ)
Santa Clara University . T .o -
California Institute 6f TéchnoTogy (CALTECH) L

UCB, CSUSLO, Santa Clara University and West Coast *
University sent the requested transcripts. ~

Transcripts of students who had not transferred into
a specific institution, but who attended.for the full
four-year program, were also exanfined. 13/ - Ty
*oy '6 = i 5
Utilizing course descriptions found in.'each school's
catalog, the courses listéd on the individual ‘transcripts
were classified according o the "fields of understanding.”
Where doubt existed as to. how a course should be classi-
fied, the course description was "liberally interpreted"
to maximize the indicated breadth of the student's
education. - v ’

This analysis produced some interesting results. Engi«

of understanding" involved in.engineering projects un-

less professors discussed concepts from the nontechnical .
"fields of understanding" in classes taken by them. 2
(See Figure 4.) Howéver, discussions with engineerirg

students ‘indicated that nontechnical concepts were |

rarely discussed.in technical classes. (A summary of .
student interviews is presented later in this chapter.) 7
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- immediately following, which represen{s the breadth
of the educational experience for those students
whose transcripts were reviewed in this study. Only
one of the 89 transcripts examined included a class
in each "field of understanding." Eighty-one percent.
of the Students did not take a class “in at least four®
of the 13 "fields," and 16 percent of the students
" did not take a class in at ]east seven of the "f1e1ds !

Several observations can be made froméfigure 4,

The emphasis p]aced on each "f1e1d of understand1ng“
ce @ - is.summarized in Table 8. .A11 numbers found in this
<:; A . .chart aresexpressed as percentages. The number above -

. T each d1agona] is the mean percentage indicating the

' average emphasis placed- upon a "field." The numheh '

below each diagonal indicates the rangée. The fj
number is the lowest percentage of classes tak
the field; the second is the'highest taken in the
"field" for that group of transcripts. If the two.
numbers-.are the same, each student in ‘that group had -
““the same number of courses in that "fiéld of jinder-— "
standing " . A
When th1s analysis was conducted, human1t1es and
history were considered one f1e]d ‘Consequently, only
thirteen fields are disted in Table 7. "These "fields"
were subsequently separated. - :

The bottom category, "interdisciplinary studies,"
-refers to courses which integrated- two or more "fields
< of understanding.".”If-a student had taken a substan-
tial number of - these courses, his exposure to thé
"fields" may be broader than indicated by the f1gures .
corresponding to . the th1rteen “fie]ds "

Unlike the other Lo11eges and un1vers1t1es listed in
thjs table,-West Coast University has no engineering
progragixccredited by ECPD in their 43rd Annual s .
—_— Report.¥ Additionally, it has a fixed curr 1cuiu -- -
all courses are required; there are-no electives. -
o Averages of-“all ‘schools are shown both with and with-
. out the figures from West Coast. . As can be seen, ‘
e the results were riot s1gn1f1cant]y changed when the
transcripts from West Coast Unlversity were exam1ned
separately., ~ ' z

Those students rece1v1ng a. bache]or of science degree
from an. ECPD-accredited education program took classes
mainly in the physical sciences, engineering Sciences - ——
and in design/application. On the average, 62 percent
of their éurricula was devoted to physical and en- ‘

‘L 'gineering sciences, while design/application. courses
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Parcent
of 34

Total

2]

Transcripts
Examined

- 28

»

3 12 11 10 0 9 8 7.° 6, " 5

(H

Number of fields of understanding in.which courses were" taken

_ CURRICULUM EVALUATION FROM DEGREES GRANTED .
& w,FREQUE‘NCY DISTRIBUTLON OF 89"TRANSCRLPTS EXAMINED

-
'v . = e

F1g4

*

t

76




LL

4 . -
L N v “
Twot ace
ECPR ACCREDITED , ¥ tnctgzsleED AL
Vi WERKELEY,— [csusto | U, OF BANTA CIARK WEST COAST,
n=6 n=b n=10" | a=7 u=11 u=9 =10 | 'n=11 N LT n=6 u=ll
1 i |3 T |y
| i g ‘ 8
Ak ik P L] |
A [N 'E;..
2 ét’ i%l' . 28 2;8 *43 Ji 5
Pliyalcal Scloncs i,?s i - , al 2 117 X 3. 2-2apt.3] 20 | 62 P e 12 < <] 8.6
: . 2 1) 2 28 - 22
Eagineering Bclence s,_/” 3 - ~ 23 » .19 2 2-31 5-12 2 1:30“'0 16 § 39 1-24 23 ' i 26.1
— 7 7 n 3 1 *3;;
Deatgn/Appltcation “ult _“I"S_ul 941~1 10~ ! $-22) 9216 Dl s [ 2 2-3 ; 6] 23
l!n.ln/ccﬂn] Technology 4 oﬁ 0 2 "~ oﬁ ; ‘.’l:ﬁ 0 -1 -l -2 3 2.5 j1.5] O 6 ! - 0' D-0 1.1
0 0 .5 0 1 o _“lo ) I k.10 0
Ethics 0 n % 9 - - - .2 0 3. ‘!-n - .1
. I 12 ] s 1 “11 A\ ) 2 4
Commmication ‘&gtl - 5 0-8 4 -6 0-17 2.7 0-11 3.27) 0 1 17 {é ~ 3.2
= " 1 ° . ’ °
Hanagement . 0-3 ! (1 n ) 1 - -/_'Q_‘_ 31_*‘ 3 - 2 -7 2.8 0 12 - ﬁo ";" 2.2
< k] é 1 2 1 1 ;] 3 4 . : l
Economicsa 0-10 a R ‘ R l:l "2-4 n-9 n-1 2.9 0 10 < s | 0-4 2,9
] 0 0 0 o _~lo 0 0 i
Lau ] | - < 2.1 oj o} 3 . _ ‘0
folttical Sclence Zzg d % OM RINDEE -3 2 . 1.2
Mchavioral Sclence 1 b -3 2 - ? -5’ }/é '!.6 -0-§ 2 ¢ - > - 2.4
1ifa Sclencos 0-6 1 6-1 | 0 ! ~ 0 f-s J3.11 O 0 0 9 iy "9
hmant tice/iitatary 3-12 ? -8 " -24 1 =20 > =14 8.5)-0 124 3 & 3 ;I-L 1.4
: 7 ] : . 7
Inturdiuctipl fnary Studiss . ] A4 b3 % 4 3.9 j3.0f 0 ]10 2 G-1_| 2 n-1} 2.8
e
TABLE 8 ’ '

- B
LXd .

NOTE

&

~PERCENTAGE AND RANGE OF CURRICULA IN EACH PROGRAM DEVOTED
. 10 EACH “FIELD OF UNDERSTANDING"

-

4

e

A3

. AT quures are percentages of the total curricu]a
: figures below the diagonal indicate thé range.

.

%

%,

'Figures above the diagonal are averages;




averaged 11 percent of the curricula. The percentage
o of students who took 'a class in the other ten fields
' ‘ are summarized below: -

Y +

-

R Law 17%  Management”  ° 53%
Life Sciences 23% Behavioral Science 67%

‘ ‘Ethics 27% " Communication Arts 823
Polifical ‘Science 39% Econdmics = = 82%

£ngineering . 44% Design/Application  90%

" Technoloay _ o

¢

A high percenta?e of students did not take a course in
law, ethics, political science, engineering technology
or management, .although these classes were usually
available. ~ - AV

! %

’ c. lSummarx ‘ _ %

Engineeryng education is faced with a dilemma. How can
- . ., 1t best provide the basic principles of enginéering and
science, together with some exposure to the humanities,
within a fixed period of time (that is establishéd -for
reasons other than educational purpose) and yet prepare
engineers for the "macro" ndture of &ngineering practice

.

in the fie]d? y

. | Resubts of this study indicated that, first, fdung engi-.
feers are given a strong basi¢ foundation in mathe- .
matics, $cience, and engineering science. Second, al-
though universities have many other courses available
in the non-science/non-technical areas, statistically,
engineering Students do - not take these courses. Third,

) engineering education presented in subject-form rather
~. than project-form, provided 1itt]e stimulus for the
‘ student o tie the varfous courses together in the manner

N 4 . that constitutes engineering practice in the.field.

: . fourth, this.study indicated that the hiring,.promotion,
- and tenure prdce$ses tended to favor basic research

s ) rather than applied scientifig endeavors and finally,

. many faculty members lack the industrial practice neces?

A ' - . -sary to rejate. first-line experiences to their students

.+ - as parf of their regular.course’ content.

.
. *

» N ', . - ‘-\'
) Under these present ﬁ?réumstances, it s highly unlikely
- that engineering students will bbe exposed to fields such.
' as law, life sciences, ethics,"political science, and
. management. Yet, these fields can be paramount in, the
. "\ practice-6f engineering undgr the presenf social con-
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straints of public policy. €Every manufactured product
‘must now be examined from a liability standpoint (law).
Every civil engineering project must begin with the
analysis of the effect of the project on the existing
and projected natural life systems. The professional
responsibility of an engineer to soc1ety with a hyper-
sensitivity to the protection of health, safety, wel-
fare, and good are concepts of a professional code of
,eth1cs but few engineering Students are either aware

" of such a code, nor sensitized as to professional
responsibility. Finally, the integration of basic
scientific information, materials, processes, manpower,
resources, and finance into a project is keystene to
eng1neer1ng practice, and yet this field, “management,"
is rare]y a- part of the engineering student's educational
exper1ence .

Many learned 1nd1v1dua1s in the education element of
the engineering. profession state that there is an in-
tended role- separat1on between eng1neer1ng education
and eng1neer1ng pract1ce, that primary respons1b111ty of
engineering education is to/prov1de ‘the basics in science,
mathematics, and engineering science. Some ‘also state
that the un1vers1ty need ngt teach engineering technology
at all. According to the scenario, technology becomes
quickly outdated;: however, - the basics remain the same.’

* The current assumption is "that eng1neer1ng technology
and the nontechnical fields of engineering practice will-
be picked up through eng1neer1ng experience and continu-
ing educat1on :
The following section presents an overview of the sub-
jecf of cont1nu1ng educatign as it relates to the overall
eng1neer1ng educational experience of engineers.

Graduate and Continuing Education

For the one hundred years prior tojWorld War IL, engineering
developed through an evolutionary process. With a college
background and with experience attained through engineering
practice, an engineér was able to perform reasonably well for. -
the duration of a Jormal career. From about 1870.0n, ad-
,vanced degrees were - g1ven, but only a small fraction of
engineers was involved in graduate or continuing education
up to the time of WorldiWar II. The revp1ut1onary pace of
development in the ensuing years gave rise to the concept
of "the half-1ife of an engineering education"’(about 10
years, perhaps less). Part-time.master's degree programs
were developed at almost ‘all urban engineering schools,
and hordes of engineers employed in advanced techno]og1ca1
industry pursued advanced degrees in conjunction with

28
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. theiy company employment (generally on a cooperative

basis allowing about 24 hours of work per ‘week)

together

with sufficient graduate

study to yield the.M.S. degree

in two calendar years.

(This is the formula

of the Hughes

Aircraft Company, the national leader in development of
part-time graduate study for its emp]qyeeg,?sl
‘ _ Graduate study, from about 1945-65, was frequently a means
W ' of bringing the engineering graduate (often several years
’ ' out of school) up-to-date in his field. Then the concept of
continuing education was conceived, and the Continuing .

Engineering Sﬁ
Engineering E

udies Division of the American Society for
ucation was established.. A delineation of

terms was essayed, which still provides ‘the basic guidance

of today:
»

F4

’ Graduate education upgrading requires academic admis-
sion, and takes p]age~where and when graduate faculty
) see fit to teach, generally on campus and in daytime
programs. - - : ‘ '

Continuing eduéétion is updating, is open to all:

engineers desiring the,information, and takes place -

where and when students can be gathered, commonly

in off-campus centers and often in-plant. 'Teachers,
as the best qualified to teach current and vanced
practice, are frequently drawn from the ranks of
industry and praﬁ;icing professionals. Continuing .-
education also irfcludes diversifying, as.when the ..
civil engineer engaged in the e]ec%ric power field
learns more about.the electrical and mechanical

sides of the power industry, and broadenin%, as when

the engineer gains management skills as well as cul-
tural enrichment.ﬂ\ , .

The engineer's fieeds for continuing education vary con-
siderably during a normal career. It is often said- that for
the first ter years, he needs more technical information

and problem-solving methods; for the next ten years, he
needs leadership training, business economics, etc.; for

the next ten years, he needs upper management skills dealing
with labor unions, etc.; and for the next ten years, ‘he
wants more in-depth philosophy, 1iterature, music and art.

Hhile it is accepted that a formal cdMlege education is a
basic prerequisite to the professional practice of enginéer-
ing,y by no means is there a concurrence on how continuing
educdtion is best acquired or how uniformly it is needed.
For the engineer who plods along at the same job year .after
year, lacking aspiration to move up the ladder, there is no

»motivation for an aggressive formal program of continuing

s L
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acation. The engineer at the other end’of the spectrum,

things, is always one step ahead of. formal continuing

gw e dynamic self-starter, continuously on the go and intlo
edu
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e
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cation and is thought of as best nak1ng it available to
hers. For the great majority of engineers betwgen these
tremes, however, graduate and continuing education re-
esent cr1t1ca] opportun1t1es for persona] advancement -4
n renewal.”

Graduate Education

.

Graauate educat1oh is more prec1se1y documented and *
contro]]ed than is continuing education. Annual pub-
_lications of the Engineering Manpower Commission of
« the Engineering Joint Council and the ASEE-prdvide
stat1st1ca] sumaries of enro]]ments and degree
granted at all levels of eng1neer1ng educationy’ from
.engineering technology programs' up to the-Doctorate
‘and Doctorate of Eng1neer1ng The national -output of
M.S. degrees #n engineering is roughly one-half of
ithe B.S. output. A-large numbef .of graduate students,
"as notéd above, are sponsored by their employess on a
part-time basis, with all fees and books covered, as
~well as cooperat1ve time allowed to pursue the study
Emp]oyers have testified that this investment in’ edu-

tation is good business when compared with the altéfna- -
" tive of recruiting M.S. graduates at higher salaries,
yho are subject to convent1ona] attr1t1on Jqsses.

ﬁng1neers working fbr smaller compan1es, and. in loca-
tions distant from Bniversities, have a more limited
~gpportunity to pursue formal graduate study. It is
Sometimes stated that for a company in advanced teth-
. ‘nology to be successful, there must be the opportunity
for engineering emp]oyees to pursué graduate study,
even if totally on their own time and expense

it is safe to say, however, that approx1mate]y half of
" today's engineering graduates-wilT not be taking sig-
nificant amounts of graduate study in their working
careers.” This proportion is of considerable impact
in 1ight of the extent to which the content of the
undergraduate program has. concentrated an fundamenta1s
at the expense of specialized engineering subject 4.
material. No matter what the philosophy of the engi=

. neering education studies of the '50s and !60s, at least
half -of the B.S. engineering population is not tak1ng

mater1a1 formerTy included in the undergraduate curriculum.
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‘ . b. Formal ,Con’tiinuing Education ) - . |
. o Continuing education is offered by (a) university -
' extension programs, in conjunction with recognized
schools of engineering;” (b) government and industry -
‘providing in-plant training programs for empToyees ;
‘ﬂc) newly formed continuing education units of profes-
ssional-and technical societies, offered as membership
services; and (d) entrepreneurial organizations. A1l
. - except (b) of-the above generally publicize.their
.. < programs. . N

*
i e e A Ak

. Some of the best continuing education programs for
. engineers are given without gkamination, grades, or .
] ~ -=-- other opportunity to evaluate the student's progress
) . or. comprehensién. These are primarily the short courses,
given in periods of from three to ten days. The fees
are high, on the order of $100. per day, and it is gener-
ally considered that if a company sponsors that kind of
) expense, .the student will find something’ useful in the
. course, C o

(1) The ContinuingEducation Unit

The Continuing EducationiUnit (CEU) is a device, ' 4
. ’ now gaining wide acceptance, which will greatly ‘
! b enhance the opportunity of measuring the involvement
of the American engineering community in continuing
education. The CEU s given for ten hours of par-:
ticipation in am organized continuing education
experience under responsible sponsorship, capable
, direction and qualified instruction. It is envisioned
: that there will eventually be one national data
bank in which each ‘engineer will have a CEU account.
For whatever purpose, census, studies, or qualifi-
e cation for renewal of professional license, etc.) it
© will be possible to know—the continuing education -
invo1v¢ment_for any individual 9r group of individ-
uals, for any period of time.- With the growing
antipathy toward release of personal record informa-
tion,"however, it may well be that the national data
bank idea could serve no more than a personal purpose
for the individual.<3In any event, industry regards
the CEU skeptically as it does Wwdt inherently repre-
'sent an evaluation of the individual's involvement © —
- in the program. As one trdining director has put it,
) “there is much Tess in the CEU than meets the eye."

(2) Continued Education Participétion . -
Lacking information, the extent tocwhich practicing - :
engineers participate in continuing education can - N
. 82 ) ' "
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/oﬁly be surmised. : The American Society of Civil
Engineers 1is current]y undertaking a comprehensive
study of its membersh1p to determine the extent of
participation in continuing education programs. _
Other organizations are conducting s1m11ar studies

+ fromtime to time, but professional society member-
ship represents only "about one half of the United
States e?gnneer1ng population and is not represen-
sative. )In fact, some 0.6 million who call themselves
engineers are not members of any eng1neer1ng society,
yet they comprise approximately half of the engineer-
‘ing population in the United States. It is almost

. certdin that.this same half has but scant engagement
in cont1nu1ng educat1on ‘programs, perhaps because
continuing edueat1on i% seldom a requirement for
job retention or advancement. Furthermore, attempts-"
to specify continu1ng education as a requirement for
renewal of engineering reg1strat1on have met strorig
oppos1t1on from the professmon

It 1s 1ncreas1ng]y understood that advancement in
engineering—employment, especially in the public
sector, does not relate to continuing or graduate
educat1on or other formal qualifications. Rather,
it relates to demonstrated campetence on the job
which is even more difficult to evaluate than per-
formance in § continuing education program. .Perhaps
in’ five to eight years, graduate and cont1nu1ng
education will again become-critical -factors for .
. advancement and/or for continuance.of employment
in a competitive socfety. In private practice,
where competition is a way of 11fe, educat1on now
has that importance.

A}

(3) Summar ) »

mated half of the engineering population. This

half “are probably members.-of engineering soci-

. .etfes and probably constitute more thpn half of the

. g{aduates with B.S. in engrneering degrees. These
engtneers, also, are presumably in le€adership positions.

u-zzidhate and continuing education are reach{ng an
- i
e

The remainfng half, a cadre of perhép!‘a half million
or more engineers, are simply not parttcigating for-
mally in continuing or graduate education. Some may
follow personal study programs in reading and liter-
ature but are™n fact dependent upon their under-
gradudte engineering education to provide for their
long- range job performance and professional development.
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It is imperative, therefgre, that this undergradu-
ate education be designed to meet total career

1 needs. . '

Interviews g

¢

- ﬂany of the elements which determine the'overall quality of -

engineering edugation have been examined previously in this
section. Throughout the study, students, faculty and employ-
ers af gngineers were interviewed to obtain their impressions
of engineering education and.its:relevance to their needs

and the needs of society. The interviews were designed/to
examine curricula, tenure, cburse content, accreditatioh and
continuing education. The opinions and observations gathered
are presented in the foltowing section.

a. Employers of Engineers

The manufacturing-industry represents nearly 50 percent
of the engineering job market, and its need for graduate
engineers varies widely in terms of quantity, type,
discipline, and‘the’nature of assignment. What As ir-
dustry's attifude. toward engineering education? Does ~
industry consider current engineering education adequate -
“to meet its needs? Should engineering eduggtion be sen-
sitive to the industrial need for engineering graduates
to have bfoad flexibility to enter into any type of
practice? - What type of capability, orientation or urRder-
'standing should graduates possess for immediate produc- ]
*"givity to an employer? How important is the institution
from whiah the engipger graduates, or the grade ‘point
average he has maintgined during his education process?

An assessment of ‘the position of industry on the issues

of engineering education is complicated by the fact that
the needs of industry vary not only from industry to in-
dustry, but also from time to time within a single company.
Enployee responses may also ref1%gt a position different
from foemal company policy. -

In Appendix G, the results of an industrial survey ques-
tionnaire are presented. An unstructured internview
technique was used to permit freedom of discussion with
industrial leaders and representativess of ¢ompanies which
produce a broad range of products. -Data was also obtained
from cohferente presentations an engineering éducatidh.

Representatives°from four major high technology companies

¢

in the State of,California (McDonald Dougias, Hughes a

ﬂircraft, Litton Industries, and.Aerojet Liquid Rocket ©
Company) were interviewed. McDonald Douglas is principal-
1y involved in the development of aircraft, both military

84¢
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and commercial. The division of.Hughes Aircraft inter-
viewed concentrates its efforts in the electronics
field. Litton Industries is involved in commercial
products, as well as systems’ for the federal government,
and Aerojet Liquid Rocket Company is involved in a broad
range of advanced technology systems ranging from space
propulsion to-isotope-powered artificial heart pump
research. ' -

The presentation of these findings should not be con- .
strued to represent a concensus of industry in general,
although there was a high degree of agreement among

the individuals interviewed on many of the issues.

(1) Industrial Lonsiderations . e ) i

The-industrial environment and the demands of the
competitive marketplace establish the needs of
industry for.certain elements in engineering edu-
caf:on. Some of these elements were identified as
follows:

-{a) Since many engineering projects have far-reaching
implications or even global consequence$, com-
panies need engineers who can deal with problems
on a "macro" level..

. v

(b) Since most engineering problems are multidis-
ciplinary rather than unidisciplinary, future
engineers will need to have a greater under-
standing and_insight into more engineering
-disciplines.

(c) Industry needs engineers with wel1-rounded systems
> capability who can perform within a set of; in-
dustrial and environmental constraints:

(d) Since the answer to many engineering problems
involves the trade off ef many parameters, en-
gineers must be able to conceptualize and inno-
_yate under nonprecise problem conditioos.

(e) Since indystry undergoes constant change in response
‘to technology arid market requirements, engineers
must have great adaptability-.

(f) To.have an apprE%ation for the problems of their
employers, graduate engineers should understand
business administration. . . -




®

- \ ,
(g) High technofogy industry is particuylarly con-
cerned with the technical half-life of the
e engineef. )

(h) A graduate engineer should be exposed to‘p11 of
the "fields of understanding" as part of ‘his
undergraduate program.

(2) Positive Points of Bachelor's Degreé Education

(a) Newly trained'engineefs have well developed
skills in the use of“the digital computer. )

(b) Industry has the general ihﬁression,that new
.graduates are yery bright. N
o } .
(c) Graduates seem to have good mathematical analy-
tical capability.

(3) Défiéiencies in Bachelor's Bewree Education
Based upon those industrial needs which they per-
ceived, interviewees expressed concern as.to defi-
ciencies in the B.S. degree program:

(a) Graduate engineers are too ‘subject oriented;
the demands of industry require greater project
orientation.‘ X L '

(b) Undergraduate programs place too much emphasis
on-basic principles, giving 1itt]le attention to

+ the dpplication of: these principles in thegin- .
dustrial environment under: the constraints "of

the real marketplace, .

to more mathematics than he will ever use in

(c) Frequently, the graduate engineer has been exposed
‘[ practice.

(d) Graduate éngineers are deficient in.the communica-

tion arts; they lack the training to apply reading
and writing skills in the Thdustrial work -place.

(e) The educational process trains the engineer to-
solve problems with precise answers; actual prac-
tice deals with problems that are not precise.

(f) Current graduates are unable to identify a1fgﬁ-

native solutions to problems with varying.
congfraints.'

-
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(g) Engineering.faculty are comé;:]ed to pursue
basic research in order to publish? More em-
phasis should be placed upon teaching with a* .
practice orientation. , .

.
——

(h) Some industrialists feel that the ECPD require-
ments for the accreditation of engineering
programs are too loose; that there should be
an increase- in required courses that focus on
the ‘prattice of engineering in the real world.

(1) Present engineering education programs produce
too many engineers who are narrow and ufaware
of the World around them. - L, <
o4
(J) Computer orientation in engineering education has
‘caused new engineers to lack <interest in design.
Because of ‘these deficiencies in engineering educa-
tion, indyStry must put new graduates <$nto analytical
and support functions. It takes about two years -
‘in these positions before a new graduate is "aboard"
and productive for the employer. -

(4) Engineering Technology ‘Degrees.
The new degree in engineering, the Bachelor of Science

- iR Engineering Technology, has created interest and
concern throughout the engineering community. The
degree was initiated by educational institutions to
provide alternatives for the engineering student who

was not oriented toward the strong mathematicdl and
basic science approach required for the regular

bachelor of science in engineering degree. As learned
from interviews, industry apparently uses the engi-
neering technology graduate as an engineer. Indus-
"trialists feel fhese graduates are more attuned to the
"real-life" practice of engineering than is the basic
science-eriented enginéerihg graduate.

~

(5) Continuing Education

One of the companies whose management was interviewed .
has an extensive cgntinuing education program conducted
at the company facility. Primarily, it is technically
oriented to meet the needs of employees in coping with
the changing technology of their jobs in the electron- -
ics field. Coufses in management devel¥pment are also
taught. The company's commitment to this program is
extensive, L : ’

4




Other interviewees felt that continuing education

was a personal responsibility of the employee, that |,
a company does not have the responsibility for
"upgrading” engineers. Nonetheless, most companies
did provide some support and stimulus for their

" engineers to bgcome invo]yed in programs related to

o~

their job assignments.

As mentioned under "Deficiencies in Bachelor's -

Degree Education," one industry representative felt

that engineering.graquites probably have more mathe-

matics than the majority of them will ever use.

He sugﬁhsted that it may be better to spend more

time in the undergraduate program on engineering

. practicejand allow the engineer to pick up the extra
math (if(needed)'through continuing education. .

Industry Recommendations .’

_ The industrial representatives interviewed recom-
mended a number of changes. in the undergraduate
degree program for engineers:

(a) Opportunities should be developed by universi-
. ties and industry to permit representatives
from industry to lecture to undergraduate 'en-
. gineering‘;xudents as part of their formal

programs.
[}

(b) Educational institutions and the practicing

" profession should increase counseling efforts to
better orient the student toward engineering -
practice. -
The federal government should use §ts.financial
influence to effect change in engineering cur-
riculum toward.practice orientation in the same
manner that it ‘used its fnfluence to effeég‘ )
change toward basic science in the late'1950s.

Engineering university faculty should be pepi-
odically required to spend time inVindustrial’
practice. This experience would provide a

better understanding of the requirements of en-
gineering practice which théy could then trans fer
to students as part of regular course material. o

Engineering educational institutions should
develop general courses to expose engineering
students to some of the broader nontechnical.
concerns of engineering practice.

.




(f) Industry, educational institutiops, and the
State should develop a method to bring industry
and the educational institutions together to
resolve some of thé problems and concerns in-
dustry has w1th .engineering education.

~ (g) The undergraduate program should be increased i
to five years with a full year devoted to non-
technical eng1neer1ng subjects.

(h) The engineering profess1on shou]d reevaluate the, -
methods used- to educate young engineers and
train eng1neengng profes#ors. « !
(i) Some of: the needs of industry in education can °
be incorporated into present courses, but edu-
cational institutions® should develop a problem- +°
or project-oriented,undergraduate program. .
(j) The practicing profess1on through the eng1neér1ng
soc1et1es, needs t6 develop a system for "real-
- t1me feedback from the industry to the educat1ona1 .
institutions. Presént methods are ineffective.
Industry must als® reexamine the way it is using
engineers. “Are engineers being overtrained for ’
the demands that .industry is making of them, or
is industry underemploying the engineers?

(k) One industry representative felt that the need
for change was so great- that short of governmental
mandate, public policymakers should bring more
pressure on educational institutions,

v

(7) Summary . : .
In._general, industry -felt that” the engineering’K '
graduate should come prepared to practice under the- ~

constraints.of the competitive marketp]ace; that he . ;
should have concern for a company's position in the 1
market; and thatachanges in the educational programs
were needed to'better prepare the‘engineer for real
Tife conditions. There was also” the feeling that,
current methods, including the accred1t1ng process,
were not serving the needs of industry. :
} N

Discuésions with Recent. Graduates

Severa1 receﬁt1y graduated engineers who had been in* - \
.engineering practice for from one to three years were J
interviewed to assess.their feelings on the quality of - b

education they- received. They made the following general
reflections, based upon the demands théy'felt 1ndustry
made of them )

, N
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(1)

" (2)

(3)

(4)

(5)

(6)

(1)

More insight into engineering practice should be

previded during basic enginegring education. Some
insight was obtained through involvement.in intern
programs working in research with faculty members.

However, few engineering students had this opporgynity.

Awareness of the engineering joh market should be
increased.

There should be greater opportunity to obtain the
necessary communication skills. -

Class scheduling should a]]bw for courses in sociol--
ogy and psychology. ‘

The professors should be less subject qriented,
though it was recognized that there was a limit to
what could be done in the amount of time allowed
for the B.S. degree.program. . iy . ..
The engineering graduate should-at least be "exposed"
to all of the "fields of understanding” in the under-
graduate program. — - .-

Courses in engineering désign and engineering prac-

.tice were very important as part of the B.S- degree

- program. Also, engineerjng;techno]ggyAshou}ﬁ%be an

(8)

kd

integral part of the undergraduate program. “This
was not the case in many schools.

A.college educatiqn sﬁoy1d not énly educate for a
job, but should also prépare the individual for an
understanding=of 1ife ahead. . " :

© Summary

Recently graduated engineers were dissatisfied ﬁith the
Tack of counseling and training for the "real 1ife" :

situation they encountered and the lack of training for

the

c. ﬁiscuésions with Cgrrent Students .

practical application of their knowledge.
7 -

-0

Course'prerequisites, grade point averages and general
interest in mathematics and physical.science are a few of
the factors that establish the profile of that group

'of high school students who enter postsecondary engi-

neering education programs. Social and ecohomic factors,
summer or part-time employment, and extraciirricular
activities also affect the student profile and influence
a student's choice of courses. .

)




s, -

were generally students _who weré active in n_campus acti- .

'¢1) Comments on Faculty sl

'Lntervieus and discussions, arranded with faculty -assis-
" tance, were, held with engineering students at the

campuses’ of UCD, UCLA, and CSUSLO. The participants

vities and student chapters of engineering“technical. $
societies. In the opinion of facuity, many of the par- R
ticipants were outstanding students in their respective
disciplines. . Some nonengineering students also attended
the d1scuss1ons which were as unstructured as poss1b1e

to permit free expression: i W

]

&

-

Pr1mar11y, students criticized- facylty for the (eck
of application and real life re]evance of. thei
‘courses. Two separate observations contributed to
their concern: (1) the tendency toward speciali>" - -
zation, and (2) the lack of practice orientation

First, students commented that facu]ty frequently

gu1ded students towadd:highly specialized areas,

which became more acdentuated through the master's

and ddctorate- programs. As specialization increased,

job market opportunities decreased. along with .
more 1imjted d@mand for eng1neer1ng services,

-Second, students expressed concern for the lack of °
-pract1ce ogientation in faculty presentations.
Noting that the “practical experience" of many pro-
fessors was limited to research, students commented
that few were able to communicate the re]ationsh1p
of the theory taught in the classroom to“the prac-
ticality of everyday engineering practice. ’

(2). Comitents gn Curricula

‘While students believed that engineers should be o
broadly gducated, they noted that it would be;{m- : -
_ possible for an individual to be thoroughly °
" knowledgeable in all "fields of undefstanding” -
3, involved in engineering projects. However, students

ﬁid believe that exposure to all "fields" was de-

sirab]e, and that additional knowledge in each.could ,

be developed later as required. One student -com- .

mented that awareness was developed more bY talking

with people out8fde the classroom, and through

outside reading and participation in extracurricu-
g lar activities, than in the classroom. . .




’L3) Comments on Cpmmunny Colleges

Many students/believed that theirﬁgﬁgineéring
educations were too theoretical. They expressed
a desire for an opportunity to take more design/
application courses. ‘They also believed that
liberal arts courses failed to proyide an under-
standing of the nontechnical aspects of engineer-
ing projects. ‘They felt that the average .en-
gineering ‘student was not developing proper com-

«municatiop skills, 4n spite of . required ]ibergT ¢

arts courses in these areas; /

Nn gengral, both engineering and fonengineering
students agreed that too few classes were designed
for the nonmajor, and -that existing classes were
seldom adequate. *Nonengineering students found
“"overview" classes to be useless; the content was
usually similar to technical information found «in
the newspaper. The nonmajor could seldom relate
the content of these classes to his field of

- interest. . - ‘ ~

.

4

. »~ o
Students who had transferred from Community College
systems to four-year schools criticized the Commu-
nity Colleges for failing to prepare them for- the
engineering programs they ultimately enrolled in.
Many transferees' were "shocked" by the amount of
- studying reguired to d0’wg1] in four-year programs.

!

(4) Comments on Work Experience

Students recognized the value of work experience,
but despite the avatlability of internship programs,
meaningful summer employment.with engineering firms
was difficult to find. o

(5) Relevance of Engineering Education to the Job Market

'Engineeriné students generally felt that as graduates
of engineering programs, they were "fit only for-
research on the campus." They felt that their lack

of practical experience left them "unfit for the real

world."” .
(6) Summa}x - . ,
Students' greatest concern was thé lack of practicat

amMication of their engineering educations. They
felt that courses were too subject oriented and would

> be better taught by faculty who could relate theoreti-

cal practice to actual practice. -

v
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Students also believed that engineering practice .

must be sensitive to the safety and environmental

needs of society, and they quest1oned whether their

educations were adequate]y ‘equipping :them to prac-
. tice that belief. _ .,

Researchers have p01nted out that the ai 1tudes of
the engineer Chffige throughout his career. If
engineering education were designed to meet the
students' attitudes in later 1ife, these same stu-
dents would be critical of their educational ex-
’perience. Interviews conducted with practicing
engineers, recently (within five years) graduated
from the same institutions as ‘those in which the
student interviews were condicted, expressed ,
.opinions quite similar to those expressed by the AR
current students. This may be because the students.
interviewed were a very select group possessing a
higher state of awareness than the average engi-
neering student.

d ’
.
.

What is the best balance of basic principles and .
practical app]ication in an engineering curriculum? ' \
What should be-required in terms of nentechnical '
. . courses, and how much technology ahd laboratory
eXposure should the student receive? Can all of
these concerns be molded into a four-year bacca-
laureate program within the budget constraints
placed upon all engineering programs? Similar
v questions have been raised for many years. Stu-.
, 4 . dent awareness of these issues accentuates the
’ need for 1ncreased cons1derat1on of these matters.

d. Discussions W1th Faculty

In order.to éxamine the importance of faculty attitude
* and orientation"in .determining the quality and content
of éngineering education programs, unstructured dis- S
cussions with faculty members were conducted at several o
campuses. A summary of the candid comments is presented
below, with the-notation that many of the-opinions
. expressed paralleled data on these subJjects obtained
<" from other sources. .

.

v (1) Relevance;gi Engineer1ng Educat1on to' Eng1neer149

Practice N ,

‘ R /

A majority of thé interviewed faculty members felt.
that it was necessary for educational institutions
and industry to share in the training of engineeys.
It was generally be]ieved that to achieve a balance,
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*engineering faculty should té;2h§§as$c fundamentals
and industry should teach techno¥ogy. However, the -
latter was qualified in that some applications must
be taught in formal engineering education programs..

Many individuals asked that if "engigeers were not
treated ast professionals, why train them as such?"
Th?s statement stemmed from the belief that the
professions are self-governing while engineers are '
not; that it is more important to prepare students
to work within a corpgrate structure, something
students are not presently prepared for.

Many educators also supported the belief that engi-
neering.curricula were more research-oriented than*

" design-oriented; that too many specialized engineer-

ing subjects (for which there is little job demand)
were being taught; and that a shortage of professors
qualified to teach design of sophisticated engineer-
ing systems existed. In some advanced degree pro- .
grams, the United States has trained engineers in
specialities for which no job market exists, and
therefore, has become a technology importer.

Some faculty members believed that to increase the
relevancy of engineering education to engineering
practice, programs should be taught using a "project"
rather than "subject" orientation. Further, engineer-
ing. departments could be organized aldng problem or
project lines, rather than ‘technical disciplines. -

Another commonly expressed opinion was that, in
general, engineering faculty were too basic--
science-oriented, interested in doing obscure research
for the purpose of publishing technfcal papers. In
contrast, faculty 'should be, entouraged to do more
practical research, and educational institutions
should find some method of at ting pwacticing en-
gineers to the faculty. It wds also suggested that
réplacement of the tenure system for engineering fac-
ulty with a five-year contract system would aid in
obtaining a more representative’ faculty profile. t

Since public policymakers:place greater emphasis on
the social, legal, safety, and environmental concerns
of engineering practiqe, faculty were asked their
opinion\on~whether these-areas were Qroper1y reviewed
in curriculum. Some members expressed concern that

.~ very Tittle was presented in the engineering curricu-

Tum on these matters. One example of this is the
toxicity problem in chemical enginéering. Students

*
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~are told ."don t sniff that," but are&not sefiSi-
"tized to the problem of toxic efflient discharged o
;into the atmosphere or water .

(2) Credit~Hour Requirements LT i )

\

According to the interviewed engineering faculty
members, credit-hour requirements for a bachelor of.
Science degree in engineering were reduced from the
early 1950 requirements #n response to university

" economic and administrative pressure. In turn, en-

gineering administrators stated that there was a
nationwide movement to reduce the requirements,

‘} partly in response to the "Goals Btudy” and partly

. because of competition for students between the——
schools of both engineering and science. Departments

" compressed content into a smaller number of credit

"hours and included additional hdmanities_and social
science classes in the curriculum for a four-year
degree in engineering.

. When the credit-hour requirements were reduced, the
_design- and application-oriented (technology) courses
"were also reduced, One faculty member commented,

. "When the c;unch' comes, where do you assign your
jorisies? One must stick with the basics, providing
tudents with'a strong background so they can later

_assimilate the more applied material." He added that

-if engineering students were taught more technology

.instead of fundamentals, they would be gbso]ete in

.ten years.

ConsequentTy, as’ a result 'of the credit-hour reduc-
tion, faculty members have.primarily emphasized
fundamentals, with only a 1ifited number of design
and applications courses.. Individuals stated that
if ‘resources were avai]ab]e, they would increase the
design copgponent of engineering programs. Such in-
creases \Eid also require an increase in quarter

. units from 180 to lzg,for a'bachelor of.gcience

Ty
z
7
«

. degree in engineeri
.agreement on this issue. Many supported retention
- of the 180 quarter-unit requirement and the encourage-

Faculty members were not in

ment of students to obtain a master s degree.

.Engineering Courses for the Nontechnica] Students

Many interviewed engineering professors believed that
engineering departments have done quite well by
introducing humanities and social sciences into en-

gineering cirricula. They commented that they d'd
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not find a counterpart effort in other academic

disciplines for nonengineering majors taking tech- »

nical courses. They felt that engineering educators

might "be falling down" by failing to teach more ,
nonengineers something about engineering. Engineers ’
often face "curious restraints," because people fail :
to keep what an engineer can.reasonably be expected

to do well in perspective. The opinion was that if

more nonengineers, especially those who later became
policymakers, were faught more technical concepts,

engineers might be faced witqﬁiewer unréasonable

constraints. E . '

. Engineering adrinistrators noted that the teaching

(4)

. of nonengineers was made more difficult by budget

constraints. They felt that care should be t¥en in
providing resources to teach "service courses" which
might not result in a’'stable workload. Given the
present situation, engineering departments could be
in the position of mish]]ocating teaching resources
if the interest in service courses declined.

Relevance of Engineering Education to Engineering

Registration

Faculty representatives disagreed considerably on

the function of engineering registration. Some be-
lieved that graduates from accredited engineering
programs should be automatically licensed, while
others viewed registration as the perpetuation of
"guildism" and saw no need for it at all.

Some faculty maintained that Ticensing instilled the
engineer with a sensé of responsibility to the public
and increased pride in his profession. Others disa-
greed, and supported the position that the engineering
product, rather than the process, should We Ticensed. .)

Engineers, they felt, were rarely.professional. They
were usually salaried employees, "a captive group of
corporate interests." It was felt that it was un-
reasonable to hold engineers Tiable for their work
unless they were given fiore décision-making power in
the corporate structuye” - ’ '

. ™ N

" In general, faculty members believed that they were

doing a satisfactory job of producing responsible
engineers. At the base—of this statement was the
question of how responsible an engifieef can be. As — ‘
a rule, engineers do.not make the decision to perform - :
a mission; they only carry out the technical- require- C

,menf% to satisfy the mission. ’ '
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- (5) Summary -

Results from previous studies correlate with the
findings in this study in that the relevancy of
engineering education to the total concept of
engineering practice was the major issue. The
basic concern was whether engineering education
shouid prepare an individual for practice in the

"real world," or should it be limited to basic
instruction in a discibiinary field of applied
4Cience. In general, interviewed faculty memb&rs
agreed on the need for greéater coordinatidn among
the engineering community to adequately prep

engineering students -to- enter a diverse job magket .

with the competence necessary to deal with t
nolody and the impact it has on most aspects of
modern 1ife, "

( The "Professional Schools Concept" has been proposed
as one technique, for greater control of engjneering
education by the practic1ng profe551on Under this
concept, the school of engineering at any institu-
tion would be highly independent, similar to the
schools of law and medicine. The proponents of this
concept believe that such a system would be bene-
ficial, since requirements could be established for
faculty to have extensive-experience in the practice
of engineering. Critics of the system feel that it

auld be detrimental to the engineering profession; .
that there are certain advantages in belonging to the
-ovérall campus administration rather than fending
alone for funding.qnd facilities as a separate entity.

Since some degree of flexibility already exists in .
engineering programs, and since eduational proqrams
are accredited by a private organization that is.

\ heaviiy influenced by representatives from engineer-
ing education, changes in currioula may be 1ong in
coming. Significant changes are’ occurring in the com-
position.of ECPD which ate guiding accreditation

toward placing more emphasis on evance and practice -
, orientation. It is:-likely that the accreditation pro- -
! cess will be the principal forcing function for change. .

However, the general interest in sensitizing engineer-<
ing education to engineering practice will require a
concerted, effort from eveny sector of -the profession

W .

General Observations . . , .

o 'Ag early phiiosophy of the purposetof higher education was to

"seek out truth, document it, and put it on the shelf."

History has recorded the conf]ict between those who would .

12
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€. Engineering Registration

’~
o ’ ¢

impose political direction and'controls on intitutions

of higher learning -and.those who would preserve academic
freedom. But today, many-disciplines in higher education -
are devoted not qnly to intellectual enlightenment and
truth, but also to the preparation of individuals to pro-

‘'vide services to meet the needs of society as a whole.

A significant portion of higher education is a combination
of education and training, particularly in the professions. .

Unlike the early history of higher education, a.significant
portion of postsecondary education currently receives fi-
nancial assistance from public funds. Given this, does the
public have a right to expect institutions to-educate and
train competent professionals? Is it the- respongibility of -
educational programs to meét societal needs? -How should

this be done? Does relevancy mean anti-intellectualism?

Is relevancy in conflict with academic freedom? -

The "Goals Study" recommended that parallel options be
developed in engineering curricula. One optton would lead.
to a career in basic research (most likely to be conducted o
in an educational institution) and the-second option would °
train the individya1 toward the practice of engineering in
thé free marketplace. There was no-indication from the
research conducted in this study that this recommendation

has been strongly adopted in any of the engjneering education
programs reviewed. In most of the curricula reviewed, there

* was adequate flexibility for a.student to obtain a.degree

and be-exposed to most or“4i1 of the "fields of understanding.”
However, the review also showed that the majority of engineer-
ing graduates had Jot been exposed to many of the nontechnical
parameters which have become, paranmount in the'practice of
engineering. ’ .

1.

. i@ 1140 A.D. required tha

r

History of Registration of Engineers in Califorhia

. The history of 'registration or licensure of professionals cin
be traced back to the dayaof Rbger, King of Normandy, who

doctors be examined and certified
by their peers. Some stories ddte the beginning of the

. registration of professionals at 3,000 years ago, when the

Code’ of Laws.of Hammurabi were practiced.- In that time, if .

a house-collapséd and the owner was killed, thé builder was

put to"death; if the son of the owner was killed also, the
builder's son would also be put. to. death. -Historicaily, safety
of the public has been the chief impetus for codes regulating

_ the practice of profﬁssionals. ¥

i

3




In the United States, the history of the registration of
professional engineers dates from 1907 when the Wyoming
Legislature enacted a law.requiring registratitn of all
engineers and land surveyors ia tige state, thereby becoming
the first state-to give ledal recognition to the engineering
profession.. In 1923 and-1925, the California Legislature
attempted to regulate ‘the practice of prafessional g€naineering.
Interest in licensing was™ the result of the advocation of a
"model law" in 19191 by the American Society of Civil En-
gineers and later by the Council of State Boards of Engi-
_neering Examiners in 1920 (which -subsequently became the
Natjpnal Council of Engineering Examiners [NCEE]). . Then

and new, the purpose of the "model law" was to promote_and
secure uniform engineering registration laws in the United
States. . e ‘

In both 1923 and 1925, legislation was ‘introduced fo the
California Legislature to regulate the practice of profes-
sional engineering through a Professional Engineers"Regisi’.(
-tration Board. However, because of debate among the
_ engineering factions.in the State on the major provisions

of such legislation, it was not enacted. In 1928, the
collapse of the St. Francis Dam in Southern California,

which killed 450-persons. and cgused property losses in the
millions of dollars,.united al4 factions behind the need

for legislation. tg regulate the design, construction, and
maintenance of all dams, with the exception of those owned

by the federal governnmient: During this same period, the
California Engineers' Registration Association was formed -
to secure the enactment of -a law requiring the registration
of professional engineers: Consequently, California enagted .
its first engineering régistration legislation, effectiv
. on August 14, 1929 It required the’registration of all °
civil engineers, but_excluded other engingering disciplines
at their request. ‘J‘ e T : R
The, original act of 1929, known as the Civil Engineers”Act,
. was 'to safeguard life, health,sand property." However,
during the early years of, the Act, most of the activity
" involved precedura] matters. Many amendments were ngeded
involving technical and operational procedures of the State
.Board of Registration for Civil Engineers created as part of
the 1929 law. Also, the Board was’ forced to focus its pri-
mary attention on the controversy between structural engi-
neers and architects over.the:professional overlap in the
design of buildings. : T : .

. . ‘ v, ’ ¥4

. In 1947, eighteen years atter’ the enactment of the Civil
Engineers Agt, the Californja Legislature established a State
Board of Registration for Civil and Professional Engineery. :
in the Départment of Professional -and Vocational Standards.

»
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The registration and certification of professional engi-
neers was expanded to include chemcal, electrical, mechan-
ical, and petroleum englineering. However, the 1947 action
only Ticknsed the titles, not the practice, of the respec-
tive disciplines. -

Since 1947, the Act has heen ameqﬂed 74 times, seventy since
1951 when the law was amepged to*®reate the Civil and Pro-
. fessiond1 Engireers Ad}, which is' the basis for thé current
"law. Among the major Tegislative changes were the onact-
ment of legislation in 1959 to include one public membet on r
' the Board, and a 1972 amendment ‘adding negligence in prac-
tice to existing causes for reproval, suspension, -or revo-
cation of the certificate ofva registered professiona?
endineer, Other amendments to the Act over the years have
dealt with: whether the namds of retired or deceased part-
ners of an engineering firm should be allowed to remain a
part of the firm's name; registration procedures; filing
fees; applicant qualifiactions; Board terms and membership;
examination schedules; inclusion of engineering technical
disciplines; Board name change; signers of plans, specifi-
cations, reports or documents; and the extent.of Board powers .
The major purpose of the currediIAct, like the 1929 law, is

"for the protection of the public health and safety."

By 1976, there were three public member positions. and eight
professional engineers on the Board. In this 'year, the .
" California Legislature enacted legislation to change the
makeup of m¥ny licensing and reqguiation boards under the
Department of Consumer Affairs,?former]y the Department of
Professional and Vocational Standards). This legislation
was in response to criticism that many of the regulatory
bodies were dominated by members of the professions they
regulated. The new law placed publ¥c members in the majority .
-on all but the ten boards regulating the healing arts and
the Board of Accountancy. As of January 1, 1977, the Board
of Registration for Professional Engineers had six public
members, four engineers, and one land surveyor.

Prior to 1974, the Caltfornia Legislature had to pass a new
piece of legislation for each.new technical discipline to

be added to the engineering registration act. In 1974,

the Legtslature passed a law authorizing the Board to approve
any further engineering disciplines as necessary for the
"protection of -the public health and safety." The Board
““thus gained the authority to recognize new disciplines and
establish "grandfathering" periods for them. Since 1974,

the Bodrd has recognized nine of the seventeen technigal
disciplines in which engineers are currently being registered.
The seventeen are; civil, mechanical, chemical, electrical,

. petroleum, structural, industrial, metallurgical, agricultural,
quality, control system,, fire protection, traffic, safety,

-




corrosion, nuclear, and manufacturing. The ‘Board approved

two additional technical disciflines, aerospace and ceramic, 4
but there have been mo engineers licensed in these fields

as a result of actions taken by the Department of Consumer
Affaigs. The Department did not approve budgetary adjustments
to permit the grandfathering of engineers into these fields.

"California's Registration Act is complicated by "title" and
“practice" concepts found in thé Act. In three fields of -

engineering, i.e., civ11 electrical, and mechanical, indi-
viduals who are not exempt must be Ticenstd to practice.
Under "title" provisions_in the California Act; the Boara
may identify additional iﬁgﬂes of engineering for Ticensjing.
Registration in these areas merely allows individuals to use
the registered engineer's title, "professional engineer."

JESEEEN

' The California Act exempts® individuals in industry, pub11c

utilities, and the federal government. The .majority of the
practicing engineers in California are exempt from registra-
tion. It-is estimated shat there are some 210,000 technical
engineers in-California of which approximately 52,000 are
registrants.” The Board of Regigtration estimates that .this
number will ifcrease to approximately 70,000 when all of the .
+qualified applicants in the new categories have beern grand-

Gath ered . ~ . L]

a.,sSummary ‘ . -

Registration: of engineering practice in California
originally was prompted by the disaster of the collapse

* of 'the St. Francis Dam. Civil engjneers, those engineers
who design such dams, became subject to mandatory regis-
tration. Since that time, other disasters in fields of

. engineering practice not covered by mandatory registration

have occurred, but mandatory registration for the respec-

~ tive engineering disciplines has not been enacted. This
history has placed the future of registration in Califor-
nia in a considerable dilemma. How does registration, as
currently practiced, relate to the protection of the
public? What segment of- the public is protected by, regis-
tration? Should all engineers be registered? Should
only those working with structures and public works pro-
jects be registered?” Should there be a different
approach to registration-for different types and areas
of engineering practice’ .

Not<pnly is registration under reevaluation in California,
but aJso throughout the nation. Various state legisla-
tures have passed "sunset laws," which automatically
eliminate 1icensing boards unlges they.can prove that
their continued existence is required to protect the
public. These laws also require periodicai reevaluation

\\?f any remaining boards. ’
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‘ ‘ 3 The history of engineering registration in .California ‘B
. . shows that while the stated purpose of the initial and
subsequent registration acts was for the protection of
R the public, much canfusion exists as to how or if

registration is.serving that purpose. Those who support
state registration of engineers will hg;e to prove that
licensure 'is more effective than any odher approach in
protecting the public. They will also have to show thdt
< the licensing process is not discriminatory, that it
) is not a restraint of trade, and that it is not perpetu-
. ating guildism. The recent history of registration of
engingering practice in Califdrnia -shows a decided shift .
toward consumer control. Whether this shift will result €/
in mandatory registration or the abolitjon ¢f registra- -
- ‘ . tion remains to be seenx

e

2. Critical Analysis of the Act

N

Chapter 7 of Division.3%of the Business and Professions Code
of the'State of California relates to the Professional
J . Engineers Act, created for the protection of the puq1ic health
and safety. Yet, if approximately 75 percent of the engineers
. ‘engaged in engineering work in the State of California are %
.exempt” from registration under the\Act as employees of in-
T~ , dustry, public utilitiés and the federal government, what .is
the impact of the Act in the areas of public-health, welfare,
~ and safety? Is the public being given full protection under
the ‘Act? The history of registration in California has re-
vealed that aside from chinges necessary to keep the law
current, virtually at no time--until 1976--was the Act in any -
* way amended to strengthenfits primary purpose to protect the
\\B public. As the Act is currently written, how strongly does
1t guararitee the public health and safety?

'The basic Act today consists of seven articles: Article 1,

General Provisions; Article 2, Administration; Article 2.3, ¢

Professional Engineers Review Committees; Article 3, Appli-

cation of Chapter; Article 4, Registration; Article 5, Dis- i

-ciplinary Proceedings; Article 6, Offenses Against the Chaptery .

and Article 7, Revenue. In the analysis of the Act presented -
. in. the following pages, the provisions of the Act were evalua-

ted and categorized as they relate to the powers of the Board,

public. health and safety, education, discipline,:and general -

., administration of engineering 1icensing.

-

a. -Powers of the Board - ] o

e

Prior to action in 1976; by the California.Legislature,
Section 6711 of the Act provided for the appointment, b
the Governor, of three public-memberS, seven members of -
various engineering technical disciplines, and one ¥and

¥,
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"monitor.

surveyor to serve on the Board of Registration for . ~
Professional Engineers. \Befo§§,ths change in the law,
nearly twa-thirds of the Board members were from pro-
fessions which the Board was émpowered to license and

‘

~

Settion 6711, .newly amendeg, stgz;s that four members of
the Board shall be registered; one member shall be
licensed under the Land Surveyors' Act; and six shdll be
- public mdmbers who are not registered under this Act og#
Ticensed under the Land Surveyors' Act. The new law also
requires that one ef the ‘public members of the Board
snall be a person possessirig expertise in one or more
significant portions of the Boagd's regulated activities.
The requirement of 12 years' active experierice for the -
{nonpublic members of the Board remains the same as
before, as does the ade (30 years) and residéency (five
years in California immediately preceding appointment
requirements). .- \
In addition to public members having the majority vote,
civil engineers will.no longer. dominate the engineering
profession's representation on the Board. - This changes
a tradition of dominance dating back to the 929 Act.
Currently, three civil engineers are guarariteed positions

on the Board.

Under the new law,..one civil engineer,

one electrical engineer, one mechanical. engineer, one

\x

structural enginger 14/, and one land Surveyor will serve

as Board members. Three additional public members of

‘the Board will,“as vacancies occur, replace two of the

civil engineering members and the one chemical engineer- .

ing member presently on the Board. As further vacapcies -
occur, the Governor will appoint,professional members so

that the proper combination required by the new law is , .
achieved. - '

-

% .
In spite of strong consumer representation on the Board,
decisions on engineering licensing, discipline, and” o
accreditation could be heavily influenced by the four - o
engineering members of future boards. To fulfil] the )
" mandate of the amending legislatioh, the public members
g : must havé the ability to bestgg?ﬂec; the safety and °

/,/"’"/ . health concerns of the public ldrge as applied to ) t .
o : . ~ the fields of engineering and land surveying. B "

Ostensibly, there will have to #e ofhér changes in-the
Act as a result of placing public members in the majority
on the Bogrd. If thanges .are not made, certain exclusive
" decision-thaking powers may still reside with the enginegrs
: . on the Board regardless of the public members' qualifica-
v tions. Sections 6726 and 6726.2"do not permit public

Jro 103 - - - ¥
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members to serve on committees to assist the Board

in investigating claims of violations of any provision
under the Act. Also, Section 6728 does not specifical-
1y prescribe the participation of public members on
review conmittees, although the powers of review com-
mittees do not differ from the powers of the Board.

Engineering.Registration and Educational Requirements

; Grandfathering, a method of registration without exami-

nation, accounts for the greatest percentage of
registered professional engineers in the State, nearly
two-thirds of the licensed engineers.

The second greatest number of engineers are ‘registered
by’.examination which requires evidence of six years or
more of experience in engineering. work satisfactory to

the:Board. - Other cemmon ways of, becoming registered as

a professional engineer in California are through reci-
procity, and individual examination. Further, by its -
own rules and regulations, the Board permits registra-
tion in a specialty established by it. By this method,
which allows a period of time for interested engineers
to ‘meet the Code requirements, past work experience is
considered but not necessari]y education or tested
competence, .

Before 1968, there was {ittle mention of formal academic
training in the Act as a prerequisite to the practice
of engineering, to obtain a license as a professional
engineer, or to ensure that each engineering discipline
approved for licensure had a corresponding curriculum

in an institution of higher education. In 1968, the
Governor signed a bill ipto law which amended Section
6700 to read:

"The Board may not appro'e an engineering disci-
pline which is ‘not covered by curriculum leading

to first. degrees ‘in- engineering in an accredited
university or college in the United States recog- ‘
nized on the ‘effective date of the amendments

made .to this section at the 1968 Regular Session

of the LegisYature by the Engineers Council for
Professional Development."

This amendment was deleted in 1971 by the passage of
another law. It is interesting to note that within two
years, 1973-1975, eleven new disciplines were recognized
by the Board, only three of which had a corresponding

_atcredited educational program at an institution of
* higher education in California. Additionally, some en-__

gineering disciplines approved before 1968 lack any

104 o
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reference to education as a prerequisite for 1icensing
as, for example, structural engineering. (Section 404,
Title 16) \ ' ‘

Institutional education, though not required by the

Board to. secure an engineering license, may satisfy four °
of the six years of the experiefite requirement for

securing a license, as provided.in Section 6751 of “the

Act. A 1971 measure amended Section 6743 of the Act to -
read.that postgraduate work in the school of engineering ..
or the teaching of engineering ggxh(in place of previous -
wording, sha11g be congidered by the Board as.engineering
experience not in excess of one year.

Disciplinary Provisions ) o

A}

v P . ® ! - é *
Section 6775 of the Act, which delineates those actions
by a Ticensee subject to disciplinary action, applies most
directly to ensuring public health and safety. Historically,
it was not until 1972 that negtigence in the practice of
-engineering was added to this section. .  Prior to this amend-
ment, the personal morality of the licensee as-a private
citizen, rather than as a professional; was subject to
disciplinary action. -

In 1975, the Legislature deleted several provisidns from
the Act, particularly those in Section 6775, which permit- ,
ted the Board to impese disciplinary action upon a pro- - )
fessional engineer convicted of a crime involving moral
turpitude. The amendment also deleted any reference to
the moral character of the engineer, whether it be in
reference to disciplinary action, as-a prerequisite to
issuance of a new certificate of registration, or as re-
quired for renewal of an expired license. "The amendment
clearly removed the authority to judge an engineer's pri-
vate 1ife, against his professionaliservice and performance,

Py

from the jurisdiction of the Board. - i

Critics have argued that the Act may permit less than scru-
pulous engineers to be licensed under the sanction ‘of the
representatives of the people of the State of, California.
These crMtics maintain that good moral character is a per=
vasive trait, not confined to the hours following a day's
work. Public health, safety and welfare depend not only

on ‘the quality of work done by an engineer, but also on

the moral character of the business practices of an engi-
neering firm. Price fixing, arbitrary charging of high
costs, and collusion are aIi.manifestations of bad faith

or lack of good moral character which, -under the present
Act, can occur without any 1iability being assessed against
the engineer ‘for such activities.
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According to this argument them, the élimination of

"good moral -character" may have inadvertently resulted

in the public sanction of enyineering activity which is
contrary. to the public"s welfare.. One faces the prob- . -
lem, as identified in Goldfarb v. Virginia Bar Associa-
tion, where the State has condoned otherwise i11icit
business practices and bad faith stemming from the Tack

of a good moral character.

The following three questions are raised:

-« Are the pro&isions‘of Section 6775 adequate to
ensure .public health and safety?}

© r Has the State sanctioned i11icit business. practices -

or other manifestations of bad faith or lack of :
good moral character contrary to the public's wel-
fare and the Taws applicable to private entevprise?

- Hds the Board utilized Section 6775 in ordey/ to
protect the public's interest or has there/been =
. @ general reluctance among professional engineers,
as in some other professions, to prosecute a
fellow professional? .

" General Adn@nfstration'

Perhaps the most perplexing .provisions of eheQAct are
found in the ‘changing descriptions of the general admin-

. istrative duties the Board and its Executive Secretary

must execute. Keeping in mind ‘that’ the Board and its
administrative staff are empowered to protect the public's
health, safety, and welfare, the administrative duties
appear to have little relationship to that primary duty.

Beginning with Section 6738(2) and continuing to Section
6379 through Section 6746, various exceptions to the
Ticensing requirement are allotted to individials working

. as engineers. As an example, Sectidn 6738(2) permits

nonlicensed individuals to‘prepare ‘engineering plans,
specifications and reports under the supervisjion of a
Ticensed civil engineer. Howeéver, the Board has no ,
means of investigating-whether the licehsed civil engi-
neer has directly supervised nonlicensed individuals,

who may or may not be engineers themselves, as required

by this Section of the Act, or whether approval by a
licensed civil engineer of a nonlicensed individual's work
has been a cursory or careful procedure. This exemption,
when first added to the Act in 1957, 1imited work by non-

““licensed engineers or nonengineers to the preparation of

plans for one/two level dwellings and farm/ranch buildings.

LTn
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In 1959‘ this limitation was dropped, permi ttiang non- .
licensed engineers to work on all engineering p]ans, ' .
specif’cations and reports.

Sect1on 6795 delineates the 1icense renewal procedures
for professional engineers. However, it does not provide
an axptanation as to what type of review or standards

are to be utilized in order to determine whether the
safety-practices and professional competency record of

an engineer applying for licensure renewal satisfactorily
warrants such renewal. The Section does empower the
Board to establish the renewal qualifications for each
discipline. However, it is not mandatory for the Board
to do so, and as mentioned above, no general requirements,
standards or qualifications are provided in the Act.

Public:Health and Safety

-

Perhaps the least defined subject in the entire Act is
the prem1se upon which the Act is based, protection of the
public's health and safety. Carefully worded definitions

:* of the various engineering ‘disciplines, procedures for

paying°fees, and exemptions to the licensing requirement '
are set forth in the Act and in the Rules and Regulations

of the Board, but there is 1ittle delineation of the

meaning of public health and safety or the means by which

the Board will ensure the purpose of the Act.

H1stor1ca11y, 74 amendments to the Act have been made
since 1951, with.only one ‘having any direct reference to
the public' §3hea1th and safety. In contrast, at least
three amendments to the Act have been passed through the
years dealing with the right of continued use of a retired
or deceased partner's name in a firp's name or in its spro-
fessional advertising. At least five amendments have

been passed since 1947 dealing with fees, but the majority
of the amendments have been principally concerned with

the membership and composition of the Board and with the
coverage of additional engineering disciplines under the
Act..

Section 6703.1, delineating the responsibilities of a
licensed engineer in the supervision of the construction
of engineering structures, excludes engineers from the
respon§ibility of observing the construction process, site
conditions, operations, equipment, perscnnel or the main- ™
tenance of a safe place to work or any safety in, on, or

- about the site of work. It is unclear why protection of
public_health and safety would exclude on-site-engineering
eva]uation of the construction processes.

a
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‘\ The only language in the Act which appea¥s to associate
. . the actions of the Board and the provisions of the Act
for the public's health and safety is Section
states that in order to safeguard 1ife, health, e
. . . person intending to practice engineering shall submi o
evidence that he is qualified to practice the particuldr -
- v technical discipline he is seeking registration in.

Section 6751 establishes tﬂg&genera]”criteria upon which
an applicant will be judged qualified to practice.. How-
. ‘ ever, these criteria, and the present make-up of the exam
. : (as described in Section 6755), do not specifically
account for knowledge of-areas of public health and safe-
.\Qb ty. What is’lacking in this portion of the Act is a.de-
scription of thosggareas of knowledge, other.than those
falling within strict engineering curriculum, upon which
the individual should be evaluated and tested to-ensure-
that he has not only expertise in engineering, but also
a broad awareness of the effects of his actions on the -
public's health, safety, welfare, and property. ' ’

The problem arising from inadequate definitions for public
health and welfare are-exemplified .in Section 6793.3 of
the Act. This Section delineates four criteria for re-
application for licensure. Only one mentions the pub¥ic } .
interest, ". . . or otherwise establishes to the satis-
faction of the Board that,’with due regard for-the public’
interest, he is qualified to practice the branch ‘of en-
gineering in which he again seeks to be certified . . .."
How the Board will make such a determination in the -

: - , public's interest is left unexplained. - ’ .

5 o - .

f. Summa y

That the majority of practicing engineers in California.are
not registéréd, and that the majority of the registered
. engineers practice in areas.exempt from the Act, severely ]
. ‘ ) Timits the effect of the Professional Engineers Act. In
g : . "addition, the impact the Act may have on the public health,
‘ T safety, and welfare is hampered by provisions which dilute
‘ . rather than strengthen the State's efforts to promote the

g

N public.welfare, .
¢ ) "The powers of the Board are v1rtua]1y discretionary, as
. the Act provides it with no detailed standards or guide-
* . Jines against which to regulate its activities.

. , Y
PR o . The Act pays 1ittle attention to the role of formal educa-
) - : tion in providing not only engineering expertise, but also
S s . ' the sensitivity to ersure the public's well-being. Although
v 5 . experience my be more Va]uaple than in;titutiona]ized ’
o " ) 108 : ¢
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education in developing the technical skills needed
-to practice in the profession, it has not been estab-
Tished that such experience also develops the necessary
skills and sensitivities needed to promote the public
_health and safety. L B

Those who support registration for engineers pdint out
that the Board rarely sits in judgment of malpractice
évents and this, they assert, demonstrates how effec-
tive Ticensure is, 'since registered engineers are rarely
negligent in the practice of engineerihg. Critics of
this Tine of thought point-out-that most registration
applies to the fields of stationary structures and public
worgs whigh are a1sb'contr01{ed by various building codes.

Most .importantly, the basic premise of the Act is poorly
defined, with 1ittle or no explanation throughout the-
Act as to_how-the various provisions will promate the
public-health, welfare, and sgfety. Therefore, the
basic effectiveness and necesSity of the Act must be -
questioned. It is not clear how the Act plays a signi-
ficant pait in the protection of the public: ‘

-« [ 8
. Examination Process

. The intent of the Professional Engineers Act is to place the
primary emphasis for qualification for engineering registration ¢
on the written examination process. However, this process .is - —

~only the second most common way of becoming a registered pro-

", . fessional engineer. Statistics show that "grandfathering"

accounts for the greatest number of registeréd professional en- .
gineers in the State. (Grandfathering and other registration
alternatives to.the examination.process are-discussed in

Section 4, following. Also see Appendix H, Grandfathering .
Procedure for Licensing,) = Nevertheless, thé examination pro- &
cess is the means by which 42 percent of the engineers presently
registered in this State qualified-and is the means by which.
future engineers will be registered following the expiration

of the "grandfathering' period for current and future Board-
_approved technical disciplines. S . '

; The.purpose of the examinations is.to establish minimum quali-

. fications for persons registering as professional engineers. .
How do the examinations relate to €alifornia engineering educa-
tion programs? More importantly, how do the examinations re- '
late to the "fields of understanding” develgped earlier in
this study? The previous chapter on engineering education
examiried the content of engineering curricula and the relation-
ship of this content to the concerns which engineers must deal

“with in engineering practice.. The question now is whether .
registration examinations-test not only for competence in
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engineering, but also for sensitivity to the nonteéthnica)
parameters of engineering practice which relate to the pub-
Tic health, safety., and welfare. .

¢ . 4

The testing process cpnsists of two separate examinatiops.
The first, the engineer<in-training (EIT) exam, covers ex-"
gineering. fundamentals. Presently, the Board uses a national
exam prepared and, graded-by the Ndtional Council of Engineer-
ing Examiners (NCEE). The second test, the registration = *

- exam, 15 also-prepared by NCEE in most cases. This exam can

be-taken dnly after the applicant has passed ‘the EIT ‘exam
and acquired six years of retated experience in engineer#ng
practice. A bachelor of science degree from a Board-approved
engineering or related science program satisfiessfour of the
six years of.engineering experience. ’ ‘i‘
Information presented in this section was obtained first by
identifying current trznds in the Board's examination| prac-
tices. This was followed by.a review of professional/ en-
gineering written examinations, prepared and administered
by the Board between 1967 and 1974, to determine the extent
to which the applicants were examined in both technical and

" . nontechnica] parametdrs of engineering practice ("fields of

understanding”). - Lengthy interviews with Bgard staff members
were held to review cprtain aspects of the examination pro-
cess to determine.the|background of the Board's use of
national examinationsf to develop information about the in-
tent and the value o e EIT; and to-obtain statistical

data on the current §ta®s of engineering registration. In
addition, correspondence with the Excecutive Director of NCEE ..

~

- provided information lon the preparation and content of ,

nationgl exams. b

a. National Exams

The EIT exam.has been administered as a national exam since
1971. California began using the national exams for the
registration test in the Fall of 1974. Essentially, the
Board's policy is to use each NCEE exam unless it is felt
“that the content does not meet the "needs" of the State.

") For some disciplines that are presently examined under
the California Act, there are no prepared NCEE exams.
These include such categories as fire protection, corro-
sion, safety,.control systems, and quality. NCEE does pre-
pare exams in manufacturing, traffic, agricultural, and
.nuclear engineering. The land surveyors and the.structural
enginéers’ exams are presently prepared by the California
Board. .

3
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- according to-Board staff, is referred- to

The operational procedures of the Board and staff have
been changed. by the shift toward' the use of national
examinations in recent years. The Board has neither
access to the grading. procedures nor dfrect access to
the préparation of the national exams. On an annual
basis, the Board determines if national exams will be*.

+ ysed, but prepares a State exam for each discipline for

use if an NCEE exam is rejected.

The Board compiles engineering exams from questions pre--
pared by Board and staff mwembers, or by paid expert
examiners. Staff members edit the questions, prepare s
he instructions, and oversee the typing and final p?epa-
tion of the"exam. The final draft of qgch exam, .
he appropriaf®
committee of the Board for approval prior to its possible
use. .

According to the_Executive Director of NCEE: )

"National examinations.are prepared by seeking
question material from all available sources
in the engineering profession, primarily from -
registered engineers (but not exclusively), from
engineers 1in 1ndustry, private practice govern-
ment at all levelS*andg of course, engineers in
~education. The question material is reviewed
carefully by our Uniform Examinations Committee,
. either rejected or accepted, and then put into - \5 :
the best possible form for use on examinations." -

Board staff stated that since pass/fa11 percentages are
higher on the national exams . than on state exams, it
statistically appears as though the Board now passes
more- applicants than it would with Board-prepared exams.
For example, about.15 percent of examinees normally
.pass ‘the California civil engineer's exam, but nation-
wide statistics show-about 85 to 90 percent of the exam-
inees passing. This has..caused considerable debate
among Board members as to the advisability of continuing
with this NCEE exam; nevertheless, they have elected to
continue its use. Several:-factors may account for the
difference between the natidnal statistics and the Cali-
fornia findings. Any individual with the appropriate
experience may take--the California examinations to become

. licensed. However, in many other states served by NCEE,

one must be a graduate from an ECPD-accredited enq1neer1ng‘
degree program to be accepted for examination. Many non-

- degreed engineers apply for California .enginéering

registration for professional recognition, and, the failure
rate on the California exams could be a manifestation of

.,],
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the Tack of academic ngparation for the academically L
orfenteq:exans. . i

In contrast to the EIT{ the national proféssional exams
are not all muitiple choice. Grading of professional

" test problems is based on.the applicant's approach to a'.
problem. Partial credit is given for probTems partially’
solved. Some critics feel that the standard gnading
system used by the NCEE and the granting of partial S
credit is much more lenient than the system formerly
used by the alifornia exam graders. = -

2

b. Examination ‘in "Fields of Understanding"

Board-prepared exams in all disciplines dating from .
August, 1967, through -November, 1974, were revieyed to °

determine the extent to which an applicant's knowledge .

was_tested in variops "fields of understanding." The

exam files were fairly complete during this period,

except that.only four exams were available in the in-
~»odustrial engineer category. Prior to 1967, exam fields

were not readily accessible. :

Each exam problem was reviewed and a personal. evaluation
Of the intent of each particular problem was made. The
intent was categorized .according to the relevant "field(g)

of understanding. " * ,
Physical Sc¢ience .

Engineering Science . -
Design/Application

Engineering Technology

Ethics :

Communication Arts

Management Science

Economics -
Law - ) . g
Political Science ‘ : .
Behavigral Scienc® -

) Life Science
; Humani ties

" History
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The results of this analysis were subjective and.to some
extent dependent upon the knowledge of the person reviewing
the problem. Additional'guideline definitions within“some
"fields of understanding” were developed for objectivity :
and were useful in making differentiations among exam
problems in the fields of science, économics and- design.

Following are thése guideline definitions: . . .
&
: 112 o
,?!.
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_problem).

-

- Physical Science: Exam1nat1on problems di fferen- i
_tiated from-engineering science, economics and  wg
“desTgn in that the problems are confined‘to the °
application of known-causé-andseffect relation-
ships and formulas which y1e1d a- predictable
result. . .

- Engineering Sciente: The sd1V1ng of wel] defined -
probTems and systehs with ‘the intent .of determining
magnitude of the -function and closely approximating
a known result. ,The use of assunptions is required’
to define certa1n unknowns w1th1n the system.

et
e

- Economics: Examination prob]ems which are pr1nar11y
intended to ref]ect an ‘understanding of the' appli-
" cation of economic eva]uations, now gr1mar11y intended .
for the selection of an optimum %ystem or an optimum
answer,

- . = I3

- Des;gn/App11éat10n Examination problems requiring
Judgment and experience to develop the’ concepts of
a proposed syStem to be’ applied in a particular sttu-
ation. 2 The end. result is 'not necessarily a previously
known solution. A degree of innovativeness is
required. Lo

No special differentiation was made between numric and
verbal-type problems (or essay-type solutions) nce
scoring on the exams was for spécific content, pre=-
sentation. Problems were scored-on the basis of the
analysis, of the problem. and the approach to the answer;
not on how the answer was written.. However, where essay-
type answers wére required, the problem was considered.
to give exercise in category.six, communication arts.
This’ was particularly true in.the metallurgical engineer
exam, because it.was required that the answer be presented
in a Togical format relying. upon the use of verba] expres-
sion rather than numeric analysis dhly. .

The review included over 1,500 prob]ems for a total po1nt-
value of about. 15,000 (averagjng around 10 pointseper "

The resu]ts are bes} expressed as a.‘composite
tabulation of the -assigned problem-point values in each
figld of understanding for all of the.exams within each
discip]ine ’ . ,

In the examinations for civil, electrical, and mechanical
engineering, there were many more problem-points available
than problems witch the examinee was required ¢to answer.
The examinee could pick and.choose roughly one-third of
the problems , except in rare circ mstances when a problem

¢
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asked in nine exams in civil. engineering, 900 points.
were required to pass--roughly one-third. Furthermore,

. in civil engineering, 60 percent of the problem-points
available were.in the engineering scienee "field of

' understanding,” so it was possible for an applicant to
_pass the exam by correctly working problems only in
the area of engineering science. (A passing score would
be 70 percent of ‘one-third of the total problem-points
available.) A summary of results by discipline is
N presented statistically in Table'9. Figure 5 graphically

presg:}sfaﬁé‘tumulative results for all disciplines.

} ‘ ‘was required. Therefore, of 2,705 points for ;uestions

The combined summary of all disciplines produced the
following results:

»

. ’ , Percentage ofc
5 . Field of Total Examination Points
: Understanding Within "Field"

(,
Engineering Science 67%

7 Design/Application ) .13
' Physical ScTence . 9 :

N

. ) Economics - . 7

" A1 other "fields" combined ' 4

]

, : The engineering science field -predominated with 67 percent
d *of all exam problem-points’in. this field. The next most NN
1 T ) highly tested categary was the field of design/application .
T with 13 percent of all problem-points; and third, the -

category of physical séience contained nine percent of

all problem-points. In other words, 89 percent of all
. problem-points are in the fields of pure science--physical

science, engineering science and désign/application.

The fourth category, containing seven percent, was the

field of economics, which- in the exams was essentially

engineering economics. The data indicate that the Cali-

fornia-prepared exams had no question in engineering

technology, humanities, or history. “

i ) ' ‘ Exams within' the discipline of industrial engineering .
® . - exhibited the greatest diversity in terms of testing appli-
. ‘ cants in various "fields of understanding." This diversity

- . was not significantly large,'but it was greater than in

~ L other disciplines. ) )
.:."‘ . . ) . ‘ e 1
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The ‘staff of NCEE performed a similar analysis, of ‘
"fields of understanding." The results are shown in" :
Table 10, This analysis indicated which "field of under- °
standing" was_included to some extent in first, the
fundamentals exam (FE), and second, the principles and
practice of engineering exam (PP). - :

)

Virtually the only difference between the fundﬁmenta]s

exam and the principles and practice exam in "fields" - -
tested was the addition of design/application to the -
principles’and practice exam. As:-with the state-prepared
exams, the "fields" receiving the most attention in the
national exams were physical science, engineering science;
design/application and, economics. According to the NCEE
staff reports, the national exams test competence in ‘the

- "field" of engineering technology as well.

Sumffiary” - Js

Except for certain special- engineering disciplines for
which no national examination is prepared, the Board of
Registration has converted to the use of tests. prepared

by the'Natjonal Couricil of Engineering Examiners (NCEE).
This practice began with the EIT in 1971, and was exXtended
to other engineering disciplines in 1974. The Board :
exercises some control over the quality of the exams (since
it may elect to use a state-prepared exam in each disci-
Pline) if it is determined that the national exam does

not meet the "needs" of the State. Thus far, a greater
number of applicants have been granted professional licen-

’

.Ses ‘through the national examination process than have

been granted licenses through the state-prepared examinafion,
process. .

. _ a
On both state-prepared and national exais, engineering
science, physical-science, design/appiication and economics
have received the greatest emphasis. An appljcant may

pass both types‘of tests by solving problems only in the
science-oriented fields. Most critics agree that exam

,problems classified in the -engineering science category on

state-prepared .registration exams are quite similar in
content and difficulty to those found in the EIT exam.
For the most part thenm, the state-prepared exams reviewed
in this study tested for only ‘college-Tevel knowledge and
experience:, L '

If the intent of the examination process is to require

that the applicant demonstrate practical 'skill acquired

through experience after college-level training, this

goal is only minimally achieved. If one of the goals of : «
the examipation process is to require the applicant to }

’
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' + Included in ':. Included in Not Included
Fields of Understanding FE Exam PP Exam . In Either Exam
Physical Science X X :
Engineering Science . - X- X ’
‘Design/Application . S 3 X
Engineering Technology X . "X
Ethics C . X
Communication Arts ° . ) ‘ X
Management Science - “- X
Economics’ X .7 ) X B
Ladw ° ' N . - : ! X
Political Science Lo T X
Behavioral Science . - T e o X
Life Sciences . oL , -7 X
Humanities . X
History ) . "X
2
_: ] ‘ ! »
. . ®
. TABLE 10. )

\ " NCEE'EXAMINATIONS CONTENT

t

(X
+




)

demonstrate ‘sensitivity to those matters which are
involved in the public health and safety, the review
of the exams did not indicate that this was being
accomplished. . Jon

Grandfathering and Other Registration Alternatives

The written examination process is only one of four methods
available to applicants seeking registration as professional
engineers in the State of California. The other three
methoqE\EEg/grandfathering, experience and reciprocity.

‘What relationship, if any, do these three alternatives have
to engineering education? In .what manner do they guarantee
the public health, we]fgre, and safety? :

An evaluation of grandfathering was made using statistics
obtained through the staff of the Board of Registration. The
total number of Ticenses issued from 1948 through 1975 in all
disciplines was used in the evaluation. Statistics were not-
-available.on the number of persons granted licensure some 28
years ago who have since become professionally inactive.

- Detailed statistical evaluation of the. status and origin of
active licenses was beyond the scope of this study. wever,
it is believed that-such detailed analysis woGld not prdduce
results significantly different from those presented inthe
following ‘pages. - : .
Statistics were not available from the Board on the number of

registrants who received 1icenses by means of experience.

through .the interview process, or by-the registration method

of -reciprocity. ¢ ’ A .

a. Grapdfathering

Grandfathering. is the process of opening a new category
of ‘profess ional licensing to all those who can reasonably
demonstrate to the Board, by-evidence of rine years or
more of qualifying experience, that they are entitled

to use the title of the new'discipline.

. Prior to 1974, each new technical. specialty registered
by the Board required the passage of a’separate piece of

. legislation to permit grandfathering. In 1974, the
California Legislature enacted a measure granting the °
Board the power to approve new disciplines and establish
related grandfathering periods for them. Consequently,

" groups wishing to establish a new technicai discipline

- title for registration may petition the Board with théir
request. Should the Board deny the petition, these groups

still have the right to present their petition to ‘the

N
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:Législature and request legislation on the particular
discipline t{tjle. ®

" After the Board was<given the power to approve new dis-
ciplines (effective January 1, 1975), nine new categories
were approved for registration: agriculture, control
systems, corrosion, fire protection, manufacturing, nu-
clear, quality, safety, and traffic. The categories
»0of aerospace and ceramic engineering were also approved
by the Board;, but the.grandfathering period was not to
begin until April, 1977,.at the very earliest, because
of budgetary restrgints imposed by the Department of .
Consumer Affairs. o : . : .
The primary criterion upon which the Board makes a deter-
mination to admit a new "title" discipline is-whether .-,
or not that.group is substantially covered within an
area of existing licensing. For example, the Board re-
fused to establish the discipline of air pollution

. engineering undet the Act because it felt that this dis-
cipline was sybstantially a specialty, or subdiscipline,
of civil or mechanical engineering. :

Since it is a matter of accommodation in California npt
* to legislate’a person out of his'occupation, the grand-
fathering process‘murrent]y-permits,appljcants"in new
disciplines a.one- to three-year period in which to quali-
*fy. Appendix H is an-information bulletin issued by the -
" - Board concerning registration as a professional engineer
during the initial grandfathering period: for a new category.

When'a new -technical, discipline 1is approved by either the
Legislature or the Board, interested persong file an ap-
plication for registration, together with references and
a work record. If the experience and references are
found acceptable by “those who review the apptication and
by the Board, then the ‘applicant is granted official _
recognition by the ‘State as a registered professional en-
gineer and may call -himself by that title. This process
differs from the.examination process in that three -
additional, years of qualifying experience are required,
but an examination is not. '

Prior to the recent admittance of #he nine new specialty .
categories, the previously éstablished -disciplines were:

. civil, mechanicaly. electpical, indystrial, .chemical;

© structural, metallurgical, consulting, petroleum, and

- photogrammetric. “(The statistics for land surveyors are
-also included in the following figures.) As of 1976, ]
there were approxjmately 53,000\nébistrantshin xhesg‘dis-

or 42

4

ciplines. - Of that total, appréxjﬁgtely 22,000,

° e
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percent, were qualified by examination; approximately
31,000, or 58 .percent, were admitted by the grand-
father1ng procedure.

. The Board estimates that 19,600 applicants will be
accepted for registration in the nine new disciplines
currently in their grandfathering period before that
period expires. If-these estimates are realized, the
. nurber of grandfathered engineers in California witls »

" increase to approx1mate1 69 percent of the total
(using current f1gures).

Except for civil, mechanical, _* electrical disciplines,
which are pract1ce acts, experignce has shown that after
the initial influx of grandfather-app11cat1ons, the
interest in registration through the examination.process
is very small. For example, 1,500 applicants for metal-
‘lurgical engineer were grandfathefed in 1966. Over the
next nine yegrs, 1975, only ¥17 new licenses were added
by examination (less than a one percent increase per
year). In 1969, 3,700 applicants for industrial engineer "
were grandfathered. By 1975,.only 167 new litenses were
added by exam1nat1on, also less than a one percent per
year increase. Table 11 presents a summary of license
activity experienced after the initial grandfather1ng
period was closed. This same trend was identified in the
State of Virginia and in .the Di'strict of Columbia by
Richard P. Hawkins, P.E., in an articte appearing in the
'December, 1969, edition of the Consulting Engineer maga-
zine. Hawkins wrote that once the first grandfathered
group was admitted, . . 11tt1e\1nterest would be shown
by.anyone in that branch and the number of applicants
usually wéuld fall to zero and remain there." -

Exper1ence as a Reg1strat1on Alternative

‘Under the rules..and regulations of the Board, and at the
discretion of the Board, individual examinations for
registration can be performed either orally or by written
examination, ,or in combination. Since most applicants
seeking a license through regular examinatiop attend a
scheduléd written examination in a group situation, the
individual examination is considergd a third and separate’
method of becoming registered. A passing score is a
grade of 70 percent. ’ .o ’
The examination applicant must meet one or more of the
following requirements: (1) he must be 45 years of age,
or older, as of the date of the -application,.a graduate
of an dpproved engineering: ¢urriculum, and must submit
satisfactory evidence to the Board that he has had 25
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Civi) 1947~ 5,555 - - - - -- 19,299 1562
. ] . ) .
Hechantcald 1948 10,576 417 122 261 163, K1:K] 13,336 26
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. 1_‘ . -
’ ml for years prior to 1968 not avatlable. ' ‘ )
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years or more q} qual%fyipg experience; or (R) he must
be 50 years of age, or older, as of the datelof the

application, a graduate of an engineering cufriculum -

with a bachelor:of science degree or equivalént, and -
must submit satisfactory evidence to the Boatd that he
has had 30 years or more of qualifying experjence.

JMtemative -

P

c.” Reciprocity As.a Registration

Individual examinations are a]so'pro;;zzh$:g/app1icants
through reciprocity. This can be“:considem fourth .

common means of -becoming registered as ¥n eng
. " »

appllicant
engineer
cR he

The Board rules and regulations stater that th
must hold valid-registration as a professiona
in another statg in the s@me discipline iiwh

applies, and such“régistration or licens st Mhave

. been obtained by passing written ekamina wns iwith com-
parable standards to she examinations required in
California. - :

d. Summary

The’grant}ng ofﬁprofessiona] engineering 'licerses by the
Board through grandfathering procedures requites that -

il

3’4 the' applicants demonstrate nine years of "qualifying

experience," foyr years of which may be met by a degree )
-from an-accredited engineering program. Theré is. no re-
quirement for the applicant to successfully pass a
qualifying examination, 'such as the EIT or pr fess fonal
-exami;%tibn, as proof of minimum competence. |

“With the gxception of the long-established "gractice

act" dig#iplines of civil, mechanical, and e}ectrical en-
gineering, there has been little growth in the nymber of
specialty ]icenses vissued.by examination affer an initial
lTarge number havé been Ticensed without examination
during the ‘grandfathering period. Annual, growth rates
in.some disciplines have®been less than one percent.

Individual eXagjha:ion ahd reciproc%ty methods of regis-
i

Genefa? Observations

.

*
tration arerjnsignificant in number compared with those
engineersozeé?stered through the scheduled written

“_gzaminatié § and grandfathering methods. -

, . : ¢ ;
It is difficult te determine just what effect the entire K
regtstration procedure has on the health, welfare, and safety ’
.of California citizens. Only three engineering disciplines o
(civi]wwmechanical, and electrical) are covered under practice ) :
S S ®
- 123 . . : ;
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-registration. A1l other disciplines recognized under the
Act are registration of title only. In addition, in the *
fields of electrical and mechanical engineering (two of the
three practice disciplines), and in virtually all of the

" discipline title areas, the majority of engineers practice

. in organizations that are:exempt from the Act.

The differentiation between the licensed practice and the .
- licensed.title, the existence of the exemptions, and the lack
of specific enforceable requirements in the Act are all as=-
pects which raise many questions as to the purpose of the
registration process. One clearly recognized benefit is that
those persons who desire registration usually conduct a self-
analysis an¥. review engineering principles in preparation for
i examination. Some proponents of registration also maintain
-that there is a_psychological change that occurs when an
engineer becomes registered; that registration causes the en-
gineer to become more aware of his nesponsibilities, to society.
However, these factors are subjective and intangible.

One matter which should be investigated is the requirement for

future engineering curriculum development in California to

satisfy the education requirements of many of the newly

approved disciplinary titles .for which there are currently no

existing ECPD approved curricula in" the California educational .
system. Presently, the Board accepts graduation from accredi- ég

e ' ted programs in' other disciplines.s o T

A\ ' the protection of the public. For engineering registration . P
It A to be effective in this area, the Act must become an enforce- -

ST able piece of legislation, perhaps limiting the practice of
: engineering to those who have been registered by the State,
regardless of area of practice.’ The other alternative would
be to follow the "sunset" law as adopted by some states and
automatically el iminate. registration in engineering and in . -
3 ' -any other field where the Board sannot demonstrate that the
< . progess is necessary to protect the public. _ .

S- ’ The only justiffcatidn for ngte registration is io ensure . ,
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D. Forum on Engineering,Education and Registration ; i

' As reflected in the discussions in Appendix A, the needs and wants
of society dictate the purpose for and direction of engineering
projects. Decisions made in such projects involve tradeoffs

- -'between many technical and nontechnical consdderations inherent
in providing technology for public use. In order to assure the
protection of the public to some degree, the State of California :
' . ~~~registers engineers in one or more of nineteen different technical .- y
. disciplines. The relationship between this State registration .
and engineering education is discussed in the _body of this report,
. 4
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’ ’ > °
but in.summary, for an accredited degree in engineering, the
L State grants experience equivalence toward the six years'
engineering experience required .to become registered as a
—professional engineer. e7 ~.

¥

. . -4
¥ . Given the above, what is the degree of coordination in California
between engineering education and engineering registration?
N Given the above degree ofXoordination, does the licensure Qf
) " engineers effectively safeguard public health, welfare, safety,
_and good?. These_questions are of current concern to policy
. makers not only in California, but throughout the nation.

“On July 26, 1976, ‘Senator Albert S. Rodda, Chairman of the Senate
Commi tteeon Education of the California State LegisTature, con-
ducted a forum which focused on a.piece of draft legislation

. (preprint Senate Bi11 17, analysis following) that completely

Twwey
<
7

revised the Engineering Registration Act im California. (A copy

of the draft legislation can be found in Appendix I.) The issues
discussed included the following:

- The "parameters"” involved in the practice-of engineering;

- The breadth of engineering practice;

- The relationship Qf engineering practice to the adequacy
of engineering education (given existing needs);

,% e NERNC,
-

- The nq;ure and effectiveness of accreditation of engineering
education- programs; X )

S
H

- The néed for and extent of engineering registration in
California; -

-

IR R
T

- The adequacy of the current engineering registration act;

——

s = The justification for federal goyernment{%pub]ic utility,
and industrial exemptions; , )

V - The adequacy of education related registration‘requirements;
° __ - The adequacy. of disciplinary licensing and "gran@fathering";
Y - ¢ Fd 4 ¥

"~ - The question of whether an engineer "attempting to be
" ethical” should.be protetted -by the State; )

oLt . - The inclusion of a code of ethics in the reqistration act;,

- The question of whether the Board of Registration sfiould even
make an attempt to enforce a code of ethics; and

- The question of whether the prospective benefit of the pro-
posed changes would outweigh th ’

- N ‘.

ha,
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Forqm Planning

During the .initial forum planning period, the following
representative groups, concerned with engineering education-
and registration, wére invited to share theiy thoughts on
these issues: ‘

Engiﬁ%erih@ technical societies

" - National Council of Engineering Examiners
American Society for Engifieering Education
Industry ‘ - h

. Engineers' Council for Professional Development

Board of Registration for Professional Engineers
California Department of Consumer Affairs '
Conservation groups : T
Futurists '
Recent engineering graduates, and "
Legis1a2ﬁve staff ~ . -

To promote extensive, candid discussion and to facilitate and
stimulate a high quality of exchange of ideas among Yepre-
sentatives of these groups, an informal legislative Wearing,
or forum, was held. Its purpose was to promgte bas{ egg;}ion

-

presentatfons rather than philosophical hypotheses . T

To further stimulate -interest, two rather extre

to engineering registration were reviewed., On

nate State registration of engineers altodether; the other
was to require that all engineers in responsible charge be
registered. Since most engineers are already exempt from
the registration.act, and since the only justification for

- State registration of engineers is ‘the protection of the
general public, it was decided that the second approach would
.be more effective. Consequently, preprint Senate Bill No. 17, .
dated July 14, 1976, was drafted. The preprint was a culmi-
nation of some of the most current thinking on State regis-
tration of engineers, including proposals by the National
Council of Engineering Examiners; the National Society for -
Professional Engineers andthe Board o#MRegistration for Pro-
fessional Engineers. It-addressed engineering education,
licensing requirements, examination processés, ethics and
many other matters, all of which are examined in this study.
(See Appendix I.) Lo i

- A preprint bill 18 a‘technique used in the California Legis-
‘Tature to obtain reactions from the public and special-interest
groups on- legislative proposals, without the introduction of

-,a.formal ‘piece of legislation. The preparation of a preprint

- follows the same process as formal legislation. The draft is
then approved by the Legis1ativé'Counse1's-officg_qnd‘is.
printed in standard legisiation form. However, a preprint is
not .entered into the systém nor scheduled for formal committee

‘hearings., - 8 . . .
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-Modification oi the Celiiornia Engineering Registration Act

Preprint Senate Bill 17 was drafted to amend Chapter 7 of
the Business and Professions Code, concerning "professignal

“ engineers.". The preprint completely reorganized the™chap- °
ters deleted technical disciplinary titles and references;
reqyired the registration of all practicing engineers "in
.responsible charge'; reorganized the standing committees of -
the Board of Registration; added an advisory committee to
the Board¢ added a code of ethics to the. chapter; and de-
fined the technical and nontechnica] considerations of en-
gineering practice

a. ,Purpose of‘the Act -

The only justification for registration of engineers

.is to provide protection for the public. While it is
intended that the Registration Act provide for the safe-
guarding of life, health, property, and public welfare,
the preprint would a]so safeguard the "public good."

Historically, the intention of the Act was to protect

the public from bodily harm or from harm to public or
private property. The addition.of "public good" exten-
ded the purpose and function of the Régistration Act -

to cover the protection of public resources and encourage
the.proper, fiscal management of engineering projects
(especially those involving pub]ic funds).

-

b. Definitions

The preprint definition of ."eng'ineering practice" was
developed by the National Council of ‘Engineering Exam-
iners in the document, "Model Law." This definition
expanded the range of engineering work covered by the
“,Act, and eliminated all references to the various tech-
nical. disciplines of engineering . '

The current California Registration Act ‘requires licen-
sure by technical discipline. At this time, there are
nineteen different licensed technical dis¢iplines.

This has caused extensive public confusion, and has
created difficulties in determining where the separation
between some disciplines exists. Many disciplines have
Hverlapping duties, and many newly recognized disci-
plines, such as nuclear engineering, embody several of
the other technical disc1p1ines California,. as one of
the few states in the ndtion that licenses by technical
discipline, would 'be brought closer to the national norm

by the elimination of 1icensure by discipline as proposed

in the preprint
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The .Rodda preprint.also redefined "responsible charge."
This term is one of the most important elements in -
-engineering licensure. It establishes that.portiaa of

* ,engineering practice directly regulated by the Act.
The remaining engineering activities are considered sub-
professional and are not included in the Ticensed prac- ™ °
.tice of engineering. The incorporated definition of
" "responsible charge" in preprint SB 17 - states: "An . ‘ -
engineer is in responsible charge. of work when he de- . ‘
termines technical questions of design, development, o
-application, certification, and construction, or whea
he personally supervises engineering work." This defi-
nition is consistent with those supported by NCEE' and
the National Society of Professional Engineers.

- AP

Preprint SB°17 possesses a section which enumerates' the
technical and nontechnical parameters that are generally
involved in the practice of engineering. The Section
states that life, health, property, public welfare, and
public good are dependent upon the engineer's knowledge
of these parameters. The inclusion of these parameters
in the Act would provide the Board with guidelines for
the formulation and evaluation of exams and curricula in
“relation to equivalency of experience. In contrast, : ~
. the present-California Act is primarily concerned with
% - 'the technical aspects of practice, even -though engineering
" practice has both technical -and nontechnical elements.

c. Administration of the Act
r . .

Board work, 'under the current Act, is divided among
numerous’ standing committees, each representing a recog-
pized engineering technical discipline.  The elimination .
of disciplinary licensing and the addition of new Board R
responsibilities under the preprint would require the .
reorganjzation of the Board. The reorganized Board would - c B
incTude four standing committeées: the engineer-in-train-
_ing committee, the ‘registration exam committee, the
education qualifications committee, and the ethics com-

-

» . mittee. ) o . )
. d. Education e rg - ‘ d
" 'Under the existing A¢t, the Board must approve curriculum R

qualifying fhe applicant for -experience credit towards
. the six-year experience requirement. As stated in its
", Rules and Regulations contained in the California Adminis-
.trative Code, the Spard approves all four-year ECPD- -
. - accredited engineering education programs as qualifying,
curriculum and grants four years' experience credit to an
applicant with a Bachelor of Science degree from such a

=
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program. Current]y, the' Board does not review the ‘
> " ECPD requ1rements in light of eng1neer1ng,pract1ce '
ce requirements in California. The preprint would require
the Board, as a minimum, to review ECPD accreditation
requ1rements ﬁ»As prev1ous}y stated, the practice of
, professional engineering has become extremely complex--
. ) a comb1nat1on of technical and nontechnical parameters.
- A review 'of engineering curricula approved by ECPD
L e . . indicated that Bachelor of Science degree programs are’
. - \ - heavily oriented toward basic and applied sciences,
Y e ' _ with Tittle or no attention g1ven to some of the pr1n-
- ' cipal "paraméters" present in profess1ona1 engineering.
L ~ . practice. However, the practicing engineer who becomes
‘- : licensed must have some, Tevel of understanding of these
g o ) parameters in order to proper]y protect the pub11c
' health, welfare, safety, and good. If engineering edu-
cationa] programs include these parameters, then the
understanding derived should satisfy the experience LN |
v ) yot requirement year for year. If the educational program 1
o does not-do so, then partial or no experience equivalency -
woy]d be granted. The Board would’ be required to make
this determination under the revised Act. In addition,
< graduation from a Board-approved curr1cu1um would satisfy |
the first exam, EIT; requirement.

e. ‘Ru]es-of Coﬁduct

Rules of ethical condyct were included in the preprint.

This inclusion was in accord with the recommendation” by

- Ad Hoc Lommittee on Professional Development of the Board *

2 - of Registration. The rules: incorporated into the revised-

b o - ' ‘ Act included prov1s1ons from codes of ethics adopted. by

:, s major engineering socjeties. .

A nondiscrimination clause, developed by Congressman
John E. Moss, California, was, included within the
. Rules of Conduct to protect eng1neer1ng employees from

« o discriminatory action or repwisals from theit employers -
as a result of exercising their professiona],responsi-
bilities under staté law. Since ovér 85 percent of all - ¢

. practicing engineers are employees of others, and since :
the preprint would include all engineers in "respons1b1e
charge" regafdless of their place of employment and tech-

x nical d1sc1p11ne, the exercising of responsibilities by .., =~ .
an engineer in light‘of the Rules of Conduct could create
conflicts between an eng1neer-emp1oyee and the employer,
which could ‘result in termination dr other reprisals.,

: If the Act required an engineer to exercise his profes-

< - xsional responsibility under state law, then the law would

2 : ‘gneed to provide protection for the employee from reprisals.

“Without this protection, -the énforcement of the Code

e!OU]d be completely ineffective.

,' ) - . .. ' “b
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Rules of conduct have been incorporated into registra-
®ion acts in some other states. Because-they have dual®
purposes, i.e., protection of the profession and pro-
tection:of the public, the need\ for such'rules of
conduct in any practicing profession has been acknowl-
edged both by the professions and by the public.

The incorpordtion-of Rules of Conduct (code of ethics)
into the proposed Act would standardfze a code for all
engineering practice and create a basis’ for enforced "
compliance. Under current engineering practice, there

is n0 mechanism to stimulate compliance other than
-threat of expulsion from a technical or professional
engineering society requiring comgliance with its code
of ethics as a condition of membership. An alternative
.to incorporating rules of conduct into the Act would be .
for the Act to specify that the Bpard will establish -
an? enforce rules of professional conduct under Board
rule. o - -

£

1

Registration ' )

Preprint SB 17 would eliminate "grandfathering" and
"eminence" as methods of obtaining registration.. In
addition, the EIT exam would be waived for applicants
with a bachelor of science degree from a Board-approved :
curricylum. o

Currently, the Board may establish a grandfathering .
period for every new technical discipline approved by

it. This.eliminates examination requirements and bases
registration strictly on at least nine-years of acquired
experience. With the elimjnation of technical discipli-~

nary licensing, the need for grandfathering would also.
be eliminated. The same philosophy would apply to
registration by eminence. Provisions may hdve-to be L
made for a transition period,,since as previously sti/,\\
ted, the revised Act would require all engineérs "in
"responsible charge" to be registered, and under Califor-
nia .common law, a person cannot be legislated out of _
his job--a job that he shas been satisfactorily accom- -
plishing for a specified period of time prior.to the
passage of the law. . . . ‘ ‘

Examination-Content N
< . As prpposed'in,the NCEE's Model Law (see Appendix F),
the "registration exam outlined in-the preprint would
consist-of 'two eight-hour sections. Section I ‘would .
test“for proficiency in areas of engineering science
and design. -Section I would test, in.an essay form,
the ability to apply both technical and nontechnical
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knowledge as they would relate to characteristic en- ‘

-

- . is the public? What part of the public deals directly

mine competence. ) :

"in the revised Act would be more specific than those
. which exist under the current Act. The:applicant would

. : ‘ | ' . /

*
R

gineering projects. - Thus, the examination requirements

‘be permitted to demonstrate his ability to apply knowl-
edge and, experience and assume "responsible charge." -

Egemgtions

The revised Act would eliminate nearly all exemptions ;
‘and specify that all engineers;in "responsible charge"
be registered. Under the current Act, industry, utili-
ties, and the federal government are exempt. Consequent-
1y, the majority of engineering practice is exempted. fThe
NCEE and- NSPE have recommended that.to protect the pubtic
there should be no exemptions in State -licensing of en-

gineers. . :

The general philosophy for licensure has been for a
state to. provide some minimum standards of competenge
that a practitioner must pass in order to offer -services -
to the public. - In the case of engineering practice, who )

with an engineer? What part of the public lacks the
ability to determine competence without $tate intervention
.and protection? -

_\ o . .
Only a very small percentége,of engineering (some experts
say as little as five percent in terms of dollar value)
.is offered to that segment: of the public who lacks the
ability to determine competence. However, "the, protection
of the public is required regardless of the ability of ™ -
.the procurer to determine competence. Thus, engineers
working for government agencies in certain areas of public
works are required to be licensed, even though the govern-
mental agency may have the ability ang resouirces to deter-

Others believe that the legal 1iabiTity of the person, -

agendy, .firm, company, etc., should determine the need

for licensure to protect the public. If an engineer . s
offered professional services directly to.a consumer, then

he should be licensed and also carry the liability for

the professional practice.- If the engineering service were

offered through another legal entity, such as a partner-

ship, corporation, governmental agency, etc., then the

engineer, as an employee, would be protected by the

19ability of the other entity.

¢ .;‘
A
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‘Hgwever, there are numerous anomalies in the applica-
‘tion of the Act. One corporatibn offering mechanical
engineering services for the air conditioning-.of an
office building must use registered mechanical engineers.
However, the same corporation offering the same services
to a public utility for an office building is not re-
quired to use registered engineers.

Since the application of the current Act affects only

a very small segment of engineering practice, and since

the application is confused by other consideratiens, it is
very difficult to enforce. The principal type of violations
of the Act which are brought before the Board involve 1i-
censed engineers with a complaint against a nonlicgnsed
engineer who is providing services. It is extremg‘& rare
for the Board to consider cases of incomggten;e.

The elimination of exemptions under the preprint would
create major considerations for those entities currently
exempt. The question to be answered is can the public
health; welfare, safety, and good“be protected through
liability and retribution (restitution) through court
action, or should the process of engineering be the re-
sponsibility of individuals who have demonstrated mini- : '
mum competence and are "exposed" to the loss_of their -/ °
ability to practice if incompepnce is demonstrated? .
Which method best serves the public need? The preprint .
bill would provide for both'methods by requiring that

all engineers in "responsible charge" be registered. This
would establish minimum standard$ of competence and still
permit an injured party to litigate cases of injury.

-
Y

Advisory Committee ~

The preprint would establish an advisory committee, con- .
sistfng of numerous members of the engineering community,
.to serve as a mechanism for confinual evaluation of pro-
fesional education in those ‘areas where practicing engineers
- “are licensed by the State, Basically, the advisory .com-
mittee would have four functions: . (1) to prévide for the.
exchange of views among those concerned with the .practice
and education of the engineering profession; (2) to iden-
tify the major needs-and concerns of'the people of gali-
fornia as they relate to the engineering profession;

(3) to examine education‘programé and .licensing require- -
ments. in 1ight of such concerns; and (4) to make recommen-
dations to the Board based upon the advisory committee's
examination of ‘educational programs and licensing require- .
ments. ' .
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Summary of Written Reviews of SB 17 Preprint
- ’ [ . ¢ *

The revised Act, Preprinf Senate'Bill No. 17 (éeé Appendix

1), was a compi1ation of the: current thinking of individuals °

and groups on’ var1ou§’aspects of engineering registration.
It was not a formal piece of Jdegislation, but it received
the same. research, analy$is, and legal drafting as a.formal

piece of 1eg1slat1o@*wou1d réceive. Reactions to this draft‘

bill are reported in the rema1n1ng sect1ons of this chapter.

-a.

Eng1neer1ng Educat1on

In an initial rev1ew of the preprint draft, responses
to the following quésticns were solicited from members
and representat1ves of the previously identified groups:

- Do you‘agreesthat erigineers in "respons1b1e charge"
(see Section 6706 of the preprint draft) should .
have knowledge of the "parameters" listed in Section

6709- of’%he draft?
és

~ - Do Ca11forn1a engineering educat1on programs adequately

prepare persons to deve]op and ut111ze hno1ogy
needed-by soc1ety7 .
o . Te . 28
- Should: the §tate Board of Registration for Professional
Engineers become moreractively involved in eng1neer1ng
‘education accred1tat10n?

kl

* Responses to these questions are summarized in the follow-

-

ind section. a/(AT1 but representat1ves of conservation
groups part1c1pated )

. Breadth of Eng1neer1ng Educat1on :

What’ shou]d be the cBntent of a Bache1or of Sc1ente in °
Eng1neer1ng prografi Members of the’ engineefring profes-

. sion have provjded manf'd1fferent answers to this question

and wilt continue to do so in-the §uture Although the -
details- of the answers vary, the efigineering profession
generally agreed with the philosophy that engineering
students -need & strpng foundation in basit physical and
eng1neer1ng science fundamentals, with some exposure to ‘
design, and social: and“behav1ora1 sciences. However, how.

' the tradebffs are Yesolved in a four-year Bachelor of

Sc1ence in Eng1neer1ng program is subject—o much debate

Most of those respbnd1np to the questions on the prepr1nt
draft believed that, in'theory, it was'desirable for an
engeyeer to be well-reunded, having at least some .exposure
to each "field of understand1ng " Concern was expressed,

°
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thoughs that the inclusion of the ?fie]dé of under-
standing”-in the registration law might be interpreted
to mean that all engineers in “responsible charge*
would have to.be experts in each field of understanding.
Others were concerned that a requirement that all engi-
neers in "responsible charge" be knowledgeable in each
"field of understanding" might substantially reduce the
number of- engineers eligible for positions in "respon-
sible charge." Most persons.agreed, however; thatan
engineer should have enough exposure to the fields to be
aware of the need to ask for the help of a specialist. _

The following excerpts”, typical of the many received,
reflect a general agreement that engineers should have

a knowledge of, or at least an awareness of, the "param-
eters” listed in Section 6709 of the draft legislation.
For brevity, only a few are presented here: )

Yes. (C]orOXrQOrporation; ASME, Dean of
Enginkering, California, etc.)

"Engineers in 'responsible charge' should have

knowﬂedge of those 'parameters,' and more." (ASME) .
* [SPRITN et e o . oa " ‘e -
"Engineers’in 'responsible charge' should have a
knowledge ‘of the‘‘parameters’' listed in Section
6709. While engineers' technical ‘skills are integral
to safeguarding life; health, property, public wel-
" fare, and public good, good engineering design must
accommodate the total environment described by
social, biological, ecénomic, and political systems." .

(Dean of Engineering, the Uniyersity of Santa Clara):

B - | 0
Several respondents noted that an engineer should.not be
expected to have a detailed knowledge of each of the
"paraneters” 1isted in Section 6709. It was. also feared
that the addition of more "nonengineering” course re-
quirements would substantially reduce "essential techni-
cal training," or unreasonably lengthen. the time required
to obtaifn an engineering degree.

’

-t

Typically, responses indicated ". . . that, in
general, engineers. in ‘responsible charge' should
_gave“knowledge of the parameters.listed. This
oes not necessarily mean detailed knowledge of
each nor that alt-of them should be required courses
in.engineering curriculum. To require additional
nonengineering academic courses would either dilute
essential technical training or materially extend
the time required in ‘school. The former would be
inadvisable and the latter would discourage many
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) compg}ent engineer deve1ops knowledge during on-thg- . .

- the broadest opportun1t1es for the engineering graduate7

- will not, per se, include the most critical needs

" whether or not engineers should have at least some degree -

A%

from pursuing 'eng1ne\'r;1ng careers in a society that is ' . .
already short of technical skills. Most of the non- s
eng1neer1ng parameters listed are those of which a

JOb training and experience after graduation, which
in oﬁ?“op1n1on, is the best way’ to acquire working
'khow]edge " (Pacyf1c Gas and E]ectr1c Company.)

_Other responses po{nted out the d1ff1cu1ty of def1n1ng

" 'the group oﬁhgnglneers that should have _some knowledge
of each of the "parameters.! One question that ‘can be
raiséd along this Tine of thought is--Does.an engineering
student know what type of practice he is destined for -
or should the educational process prov1dexpotent1a1 for

Standard 0i1 Company was especially concerned that the
"parameters" written into law today may not meet the
needs of tomorrow

"Me concur that it is desirable, for engineers in
respons1b1e charge's to be'well-rounded persons,
skilled in a specific engineering discipline, with
a perspective gajined by training or exper1ence that " x
embraces’ a broad spectrum of political, sotial, educa- o
tional, economic, and other considerations. There is
substant1aT doubt as to whether it would be possible:

- to quantify these parameters’and .decide with assurance -
that one cyu]d measyre or somehow d1scern absoTutely

. that a candidate is .so equ1pped - We are concerned _
that a 1ist of 'parameters' written ihto law .today .

of tomorrow. The 'parameters' with which this legis- -

lation deals are dynamic, not static, and will vary - : *

as the times and needs vary." (Standard 0il. Company .

of Ca11forn1a ) .
About one-third of the’ respondents did not believe that EESE
engineers should have a knowledge of all the "parameters"
listed in Section 6709. Left unanswered, however, was

of ‘exposure to each of these "parameters
“I do not concur that an eng1neer in respons1b1e
charge' should have knowledge of all the 'parameters'’
listed in Section 6709 of the draft in order to
safeguard the public welfare. A knowledge of the
nontechnical .parameters (Communication Arts; Politi-
cal Science, Social, and Behavioral Science, and
Humanities/History) is not necessary to the perform-
ance of an engineer. A knowledge of the parameters--
Physical Science, Engineeripg Science, Systems

R
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Management,-and Biological Systems--are only neces-
sary to engineers whose areas of expertise are allied
with these fields. An engineer should hava exper-
tise in these parameters: design/application, engi-
neering technology, and muitidisciplinary engineering
as’ they apply to his/her area of competence. Profes-
sional ethics and a knowledge of economics and Taw
as they apply to engineéring are also necessary."
, (Golden Gate Section, Society of Women Engineers.)
Other firms, including Hewlett-Packard Company, emphasized
that engineers are usually only part of a team.of special-
ists and that the individual project manager (who may or
may not be an engineer) relies upon "accumulated experience"
and several specialists "to ensure that the team effort is
successful." Consequently, most- engineers need to know
only the "parameters essential to the engineering design
itself." Additionally,®concern was expressed that if engi- ' -
neers in “responsible charge" were required by law to be
knowledgeable of each "parameter," the number of engineers
eligible for positions in "responsible charge" would be -
substantially reduced.. Then, by definition, most engineers
"would be reduced to technicians with only limited advance-
ment opportunities. - ~ .o .

—

The California State Personnel Board was concerned that only
"bona fide" occupational qualifications would be required,
and was doubtful that engineers would need knowledge of

each "parameter" to perform effectively in all;engineering"

~

positions. Thus, the Board wrote: A

in 'responsible charge' should have-a knowledge of
all of the parameters being proposed. ‘¥e are concerned
that in engineering; as well as all job areas, only

. bona fide occupational qualifications are required. .

. It 1s doubtful that it could be shown that-all engineer-

. ing disciplines require knowledge 6f each parameter

" yourhave listed in the draft legislation. The basic
curricula now required allows little opportunity for
electives. If all parameters were required, such a ,
curricula woutd probably take more than.four years to -
complete. . ’ L e . " ‘

."A general statemént cannot be made that all engineers ‘:;3;“‘

-

n State service, our:engineers in 'responsible charge'
are required to have preparation that is considered
" appropriate for the special engineéring ‘discipline
and job level. ‘Depending on the particular engineer-
ing disciplines, this preparation would probably
include knowledge of some of the parameters you have
listed." (Californid State Personnel Board.)

!
’
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" For many years, the re]ev&néy of engineering 'é
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In effect, the only substantial disagreement among the . ‘
respondénts over the "parameters" concerned th& degree of
understanding an engineer should have of each "parameter”
as a function of the engineer’s rdle in the torporate or
agenty environment. Those who interpreted Section 6709
as requiring that each engineer in "responsible’charge"
possess expert knowledge of each "parameter' usualy did .
not believe that:engineers, or for that matter anyone,

could reasonably be expected to possess&;uch a high degree 4
of understanding of each "parameter." wever, those
respondents who interpreted Section 6709!as‘requiring

engineers in "responsible charge" to have mergly an laware-
ness" (see V.A.2., Comprehensive Summary, and VRKA.2., .
Degrees of Understanding, for discussion of the term = ‘
"awareness" and thé learnina scale used in this study) or’

better, depending upon the "parameter™ in questiofy and '

the engineer's job, usually answered that such engineers

should, to some extent, be knowledgeable of each /“parameter.”

P

o J 3
ucatignto
the practice of engineering has been questiongd by: ediicators
and practicing engineers alike. This debate has resulted
in numerous studies, eight of which are revieyed in the

Adequacy of Engineering Epuca%fon

. second part of the detailed discussion. “Gonséquently, en- -

gineering education and the adjustments dggquntpo¥s proposed
by preprint Senpate Bill 17 (see Appendix k) “Were major issues
for inquiry during forum planning and pargjcipation.

Respondents werelasked to present their impressions of en- )

‘gineeripg education as it related to the proposals, in the

preprint. Responses were varied, as some felt that they
were confronting legislation which would allow the State to
"dictate" curricula. Educators participating in thé initial
review, and others, generally believgd that ECPD-accredited
€alifornia engineering education programs were adequately

~ preparing students: to -utilize technology and to meet socie-

_tal needs and wants:.

with excerpts from the written r

The responses from representatives

of industry, technical societies and other groups were

mixed. The following pages preiggz\i?e different viewpoints
onses. -

-Much of the praise expressed by educators. and technical

societies for Ca]iﬁornia_engineering education_ programs
applied to ECPD programs only. .

"In my opinion, those California engineering education
programs which are ECPD-accredited are adequately pre-
paring persons to develop and utilize technology as
. needed by our -society. The accrediting process for en-
gineering programs throughout the years has been very
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effective in assuring that engineering programs con-
tinually meet the needs of the epgineering profession.
The maximum period for which jfany ®engineering program

is accredited is.six years, and accreditation is far
from ‘pro forma.' The accreditation requirements are
reviewed annually, and changes continually occur. Al1
of the major professional engineering societies, as
well as the National Council of Engineering Examiners,
participate in establishing the criteria. * These cri-
teria will continue to change as society's needs
change. I know.of only two California public univer-
sities or colleges which do.not have accredited programs.
One of these is too new to be accredited, and the other
is a unique program. I am certain that both of these
will be accredited in the near future." (Dean of
Engineering, CSU, Northridge.)

"It is the position of the IEEE that those schools
whose programs have been accredited by the D ade-
quately prepare persons to develop and utilize) tech:
‘nology needed by society. _ ECPD has as its constituent
members most of the technical professional so&ieties,
the American Society for Engineering Education, the
National Society of Professional Engineers and the
National Council of Engineering Examiners. The main
purpose of ECPD.is to accredit programs in engineering *
education. As can be seen from the constituent
societies listed above, the cross section of technical
professionals, educators, and engineering examiners

are all involved so that the proper criteria for the
accreditation process canm.be established." (The
Institute of Electrical and Electronic Engineers, Inc.)

In cpntraéf, industry generally expressed unrestricted
approval of California engineering education programs, .
whether accredited.or not: . .

"We believe that the California  éngineering educational
programs are providing us with graduates who”have a
good understanding of the 'parameters,' even though
it is"not reasonable to expect that they could be
" fully informed on all of the nonengineering’parameters
listed, upon graduation. We find that mdst of our.
engineers have strong inteltectual drive and absorb
knowledge, not only in engineering, but nonengineering
fields, quite rapidly in the balanced atmosphere of
work experience and in their personal intellectual
pursuits." (Pacific Gas and Electric Company.)

]
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to apply to policymakers:

“We have found that the education olr engineers
receive from California schools is generally of *
a high quality and compares well with the education
received by engineers we hire from universities in:
other states. . Overall, the California-educated

" (engineers)’ have a good grasp -of the: technical- skills

necessary “to perform well in the corporation and are
sensitive to the nontechnical aspects of the engi-.
neering profession o .." (Union 0il1 Company of
California.) : ‘

>

¢ *

“California education programs~(and those of other
states) certainly are adequately preparing persons.
Churchill has written, 'It is a]ready demonstrated
that a nation's power to prosper in peace and sur-.
vive in war. depends very largely on its degree of
technological advance.’ Americans have realized
this, and it is for this reason that :their output

per capita and consequent standard of life are so
high.' In the late 19th century, American engineers
studied in England, France, and Germany. Im the.late,
20th century, students from ‘every country Sn the
world aspire to study in American schools. The Amer-
ican system of engineering education is the result’
of 100 years of careful "development. Full scale
$tudies’ have been conducted about one each decade in
this century. .

"There is, of course, still room for experiment and
progress. Currently, a fraction of American schools -
are experimenting with Exper1ent1a1 Education in
Eng1neer1ng, as a mode of preparation. The practice
of engineering, however, cannot be entirely taught

in’ the schools. The requirement of a period of ~

139"
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The Dean of Eng1neér1ng, California Polytechnic, who felt
that engineering education programs were adequately pre-
paring persons to develop and utilize technology needed
by society, suggested that the QUest1on should be reworded
"In today's world of technolo-
gical advance, do those persons responsible for decision
_making on techno1og1ca1 applications have the educational
background to he1p them make wise dec1s1ons7 The answer
would have to be, 'no.'" .. R

‘While of the opinion that California engineering education
programs were adequately preparimg students, the executive -
director of ASEE- po1nted out that there was "st111 room
for ekperiment." . o .
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‘practice before final registration is the recognition
of the need for an 'apprentice' component of the
engineer's career. The extensive and rapidly growing
‘cantinuing education' component of the engineering
education system is concrete evidence of the engineer's
recognition that farmal schooling is only a part of
rat engineer's education. For the part that they do
cover, the formal education programs in California
and elsewhere do a superb job." (Donald F. Marlowe,
Exggutive Director, ASEE;. Past President, NCEE.)

A member Q;:IEEE, who believed that present programs were
adequate, Strongly*questioned the need for further gov
mental intervention in the evaluation of engineering
education programs: - )

"I believe that engifieering education programs are
~ adequately preparing persons to develop and utilize

technology needed by society. The largest educational

segments are State University/College and University

of California systems. A1l of these are State enti-

ties. Do we need 'government.on .government?' I

believe the Professional Societies (§uch as IEEE,

ASCE, ASME, etc.) along with ECPD and in cooperation -

with industry are adequate to do the job." (Region

VI Director,)IEEE.). ) : B ,///
The "parameters” of engineering-practice, as listed in
Section 6709 of the préprint, and as. proper guidelines

.for determining the adequacy of engineering education,

came under a great dea)] of discussion. Many believed that
it was not necessary-for an, engineer to have a knowledge

. of each parameter. The president of Hewlett-Packard

Company emphasized that an engineer was ohly pawt of a
team and that few engineers ever "reach top level respon-
sibility." ConSequently, although California engineering
education” programs do’not provide his company .with engi-
neérs that have an understanding of each "parameter,” .
Mr. Hewlett does not believe that the engineer should be = -
‘requifed”by the State .to possess that knowledge.

. . o« k )
Similarly, C. F. Braun and Company resporided that if.

.. Californfa programs were required to provide engineers with

an adequate understanding of. each parameter, an_"inappro-"
priate demand would}be placed upon-Ca]ifornia*eaucatdonal

' fhc11it1eg.“
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‘ Standard 011 Company of California- quest1oned whether any .

. : educational program "can assure that industry will get ‘

v - wells {apnded creative, highly motivated, farsigpted,

- socialdy conscious engineers. Standard_Oi]'s chief engi-
T . neer added: . k

"The qualities that motivate graduate engineers .to

L ,'._ N . keep up technically and also to be’ concerned w1th

-* change in political, social, ethical, and econom1c

" conditions cannot be imbued or guaranteed by any given
educational. system or curriculum.” (Standard 01]
- Company of California.)

Although great concern was expressed for the newly graduated
. ehg1neers' lack of exposure to nontechnical aspects of en-
gineering projects, concern was also expressed for the .
limited technical tra1n1ng an engineer received during his . e
educationg] process. A-representative of Litton Data qee '
Systems replied that the California programs were, with * -
; some reservations, supplying their company with "m1n1ma]]y
3 ’ trained" engineers. However, "We would recommend the ex- v
o pans1on of the curricula to ensure an adequate foundation
or . . covering both technical and nontechnical parameters," he
. . stated, rather than ". . . diluting the technical in favor
T . ; of the nontechnica] parameters " ¢ , s

One eng1neering fechnical - soc1ety, representing a specia]ty
area of engineering recently established for"title" regis- °
X tration, expressed a belief in the possible need for new
., engineering programs, part1cu]ar]y in view oﬁathe recently
estab]ished disc1p]1nes
In re]at1on to the above statement, the,Board of Reg1strat1on !
has estabM™shed eleven new categor1es of "title" registrat1on, -
only four of which have paralle] accredlta§vdegrees. .
review of California Eﬂg1neer1ng Education programs, as sug- *
gested by ASSE, would undoubtedly suggest: the estab]1shméﬁt
of new curricu]a However the effort ‘and budgetary requive-
‘ments necessary -to establish new ‘curricula to meet, . the - 2t
educatjonal needs of the newly licensed disciplines would be
y . considerable and would result in a substant1a] incre“7?*uL,/”\\\‘\~ co
‘ workload, and budgetary demands ‘for the Un1vers1ty of Cali- 3%, cy 4
. i . fornia, the State University and Colleges System, pr1vatg ° .
1nst1tut1ons,‘apd the California Postsecondary Educat1on - )
g ’ < Commission. - : o

L4

°

- o .

" In summary, the*written responses to pr@pr1nt Senate B1J] 17 .

- ' concern1ng the adequacy, of. engineering educat'ion programs T N
in California, contradicted much of the research on engi- M
neering education and the opinions expressed in ‘surveys and ’
interviews conducted as part of this study. These responses = * <8
probably resulted from the "adversary environment" Qf:~fe . o~

.
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legislative forum, for which they were prepared. Pre-
sently, California's registration act requires the.State
Board of Registration for Professional Engineers to
approve curricula that qualifies for experience equivalen-
cy. uTo do this, .the Board automatically accepts ECPD
accreditation without review, At best, the Board can
influence curricula accreditation on ECPD's Board of .
Directors. Preprint Senate Bill 17, if enacted, would

. require the Board to directly examine engineering curri-

cula in light of engineering practice.

In addition, the responses to. preprint SB 17 were substan-

. tially influenced by the respondent's interpretation of .

the “parameters” listed in Section 6709. Those who inter-
preted the provision as a requirement that engineers possess
expert knowledge of the "parameters" usually responded that
California engineering education -programs do not and should
not be expected to educate engineers to meet this requirement.
Those who interpreted the provision as merely establishing
that engineers should-have at ‘least an awareness of each
"parameter" (depending upon the "parameter”) usually replied
that the'California programs were adequately preparing
engineering students to meet the requirement of Section

6709 and the needs of ‘society as well. Many of these respon-'
ses were with reservation; however, industry representatives
often agreed-with engineering educators in that engineering
education programs were adequately meeting the needs of
engineering practicer Many industry representatives added
that if an employee moved into a position where there was

a need for greater understanding of " the nontechnical "para-
meters” of engineering practice, then on-the-job training

or continued education would usually fi1l the need. In a
team project, these employers viewed the engineer's role as -
one 9f providing technical expertise with other team members
providing the nontechnical expertise.

rAccreditation

) California's current.registration act provides that a grad-

uate from a Board-approved four-year bachelor of science
degree curriculum may receive four years of experience credit
toward the six years of experience required for professional
registration, or four of the nine years' experience required
for grandfathéring. As mentioned in the preceding pages,
the Board automatically approves. curricula accredited by
‘ECPD without review. Preprint Senate Bi11:17 would require
-the Board to become directly.involved in the review of
curricula, an extreme change from the ctrrent prattice of
the Board. Responding to whether or not the Board should
become more actively involved in the evaluation of engineer-
ing education programs, the greatest percentage of respon-
dents. were firmly against'Board involvement. '

”
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Many reservations were expressed with respect to the

, Proposed measure. Aerospace Corporation and Pacific Gas
and Electric Company did not believe that the State
Board of Registration would have adequate expertise to .
evaluate all the disciplinary engineering programs.

C. F. Braun and Company viewed the proposed Board involve-
ment in the evaluation of engineering curriculum as "un-
warranted interference in the private affairs of industry-
and individuals." .

' Mﬁch of the opposition to.thi§ proposal was based on a

belief in the adequacy of the present system, on a belief
that there was no justification for a chdnge from current
evaluation procedures. It should be noted that most of

the respondents represented entities currently exempt from
the Act. . .

". . . I would cértainly not favor the State Board of
Registration for Professional Engineers becoming diresi]y .
involved in the evaluation of engineering education pro-

. grams. My stance on this question is based on my judg-

ment that the accreditation process through the Engineers'

Council for Professional Development is more than adequate
in seeipg that the engineering education programs meet

the needs of the engineering profession. I do not think
that the State Board should become involved in a separate
approval process beyond ECPD-accreditation.” (Dean of-
Engineering, CSUC, Northridge.) .

Many respondents, recognizing some,justification for in-
creased Board involvement in the current process, suggested
compromise measures. For instance, the Assistant Director
of Educatiion and Training Programs for ERDA nated that
communication between the licensing board and educators was
"absolutely necessary." ) -

"A healthy intercourse between the licensing board and
the educators is absolutely essential. Each is in a
position to advise the other; the educators to advise
the board on what fields of study are germane to the
objectives of licensure and the board to advise the
educators on the skills required to meet 1icensing
requirements. It is important, I think, to- recognize
that the educators represent a constituency of engineers
and the education establishment, while the licensing
board represents a constituency of the public. It is,
therefore, inappropriate for the board to dictate educa-
tional programs, just as it is presumptive for the
educators to certify the impact of their graduates, in
perpetuity, on the public welfare. A,rule of reason must
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apply in the interaction of the two groups so that
a check-and-balance’situation ensues. (J. C. Kellet,
Jr., Assistant Director for Education and Training
Programs, Energy Research and_Development Administra-
tion.) ‘
In relation to the above “statement, a CSPE chapter member
suggested that the Board work through NCEE to improve ECPD
policies and operations.* (For more direct involvement with
" ECPD accreditation teams, the Vice President for Institute
Relations at Caltech suggested that perhaps a Board member
should serve on each accreditation .team as an active member, + -
rather than as just an observer. ' )
. . a8 .
‘Other respondents approved of increased, but limited, Board
. involvement in the evaluation of engineering education
praograms. .Standard 0i1 Company favored the Board providing
gui aﬁEé‘tO'engineeningggdUCation programs. Along this
same line of thought, one technical society expressed the
belief that the Board -should be active in evaluating engi-
neering education, but should not have a dominant role in
the evaluation process. ’

‘The Executive Director of ASEE supported the present system,
but expressed concern about’ the possibility that California
may be considering developing its own independent accredi-
tation process. . ~

“In most states (and I beligve in California) there is
some cross-fertilization between the engineering educa=
tion programs and the engineering registration programs
through the use of common volunteer personnel. Many
engineering deans and professors have served on registra-
tion boards, and many board members have attended accredi-
tation inspections. Many engineers feel that greater -
. participation of active, practicing engineers in accredi-
‘tation visits would be helpful.
"One might read into this question an inference that
Califarnia might consjder establishing its own accredi-
tation system, responsive to the demands of the regis-
tration process. For some years, New York had its
separate system of accrediting curricula, but ultimately
abandoned it. I would suggest that the requirements of
reciprocity {or comity) among states should receive
high priority in any such consideration. The existing
national registration examinations and national accredi-
tation programs were developed to ease problems created
by the great mobility of engineers--in both their per-
sonal and professional lives. .




AN

“The matter of the Clare Committee proposals regarding
admission to Federal District Courts in the Second

, Circuit, in which five subject areas ¢f study were

specified for admission, and the consequent problems

of the Law Schools, is a current example of the dangers

of regulating.curriculum decisions by means ofi rigid

registration requirements. The registration process

itself is still an imperfect instrument, probably no

better than the curriculum development process. While

both are still in a state of development, too rigid
_ties between them would damage both." (Donald E. Mar-

low, §xecutive Director, ASEE, and Past President,

NCEE. : .

Latent.in most of the responses was a very real dread of
direct government intervention in the educational process.
As one technical society member pointed out, the d1fference
was between “direct" and “indirect" 1ntenact1on

Those“respondents who approVed of the concept of increased
active Board involvement in.the evaluation of engineering
education programs qualified their statements with warnings
of the difficulties such a proposal might encounter.

"There is an immediate need to broaden the outlook
of engineering technologists. The;State Board of

. Registration for Professional Engineers can facilitate
this process. However, you must consider too that

_ without proper contro]s built into’the system, the
appointees with some allegiance to the Department of
Consumer Affairs can ride roughshod over the feelings
of the professional eng1neers Engineering is not
really a branch of consumerism and younger folks who °
grew up in the 1960s and who are now involved in con-
sumer protection often have definite antitechnology
biases. If these persons are not educated to the past
and to future possibilities of the engineering ‘profes-
sion, they could introduce dangerous polarities into
the evaluation -of engineering education programs.'
(David A. Goodman, Futurist, Newport Neuroscience .
Center.) .

* The range of replies presented in the previous pages indi-

cated that few persons favored the proposed changes. In
fact, most respondents expressed a strong objection to
direct governmental intervention in engineering education.
While many suggested increased Board Involvement within
the existing system, each suogest1on was carefully designed
to prevent the Board from assuming a dominant role in the
accreditation process. Those ‘'who felt that active involve=
ment by the Board in program evaluation could be a positive
factor in ‘the improvement of engineer1ng education were
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quick to point out the difficulties that such a proposal
would face.

In essence, participants felt that the most acceptable

" approach to increased -Board involvement in program evalua-
tion was through the existing process, first, by strength-
ening its involvement in NCEE, and second, by having a
Board member act as an observer with accrediting teams
visiting-California campuses. The latter might also be
enlarged to a role of active participation.

The summary opinion on the proposal was_heavily negative.

In general, engineering employers and educators, claimed

that they were satisfied with the present system of ‘accredi-
‘tations Furthermore, ‘as one respondent observed, the C s
profession has long worked to nationalize registration

exams and accreditation programs to ease problems created

by the great mobility of engineers. A proposal that the
California Board of Registration become involved in engi-
neering program evaluation could threaten this national
structure. This position is enhanced by the fact that the
majority of Board members are "lay" persons with no background
in engineering. The dichotomy between opinions expressed

in the surveys and .interviews, and the responses to the pre-
print legislation may have resulted from the fact that a
majority of the participants in the initial review repre-
sented entities currently exempt from the Act. Provisions
of the preprint would eliminate all exemptions. . The idea

of State intervention into an arei currently not influenced
by State mandate may have had an overriding effect on the
positions presented in conjunction with the forum.

Engineering.Registration * >

- While no specific question regarding registration was asked
of participants in the initial distribution and review of
the preprint-draft, many respondents commented on the pro-
posed changes im the nature of registration in California.
Most comments addressed specific concerns with portions of
the preprint, and a number of participants, mainly those °
representing areas of engineering practice currently exempt
from the Act, questioned the purpose of the preprint and
the necessity for registration in general.

Necessity for Change

»

Industry representatives-were particularly surprised by °
the appearance of a piece of draft legislation proposing

. to drastically revise the present engineering registration
act, and questioned the need for change in the present law.
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"It is not altogether clear to us exactly what
problém is being solved by the proposed legisla-
tion: If, as stated in your letter, it-is an
attempt to generally improve the quality of life
associated with technological activities, it is in
our judgment, counterproductive, overreactive and
not appropriate in view of the traditional role of.
engineering in our society." (Vice President,:
Rockwell. Interndtional.)

"I encourage you to fully investigate the need

for 'the suggested- legislation before introducing
changes that might inhibit the existing success-
ful system. Your idea of a forum sounds.like a
good vehicle to initiate such an investigation.
Before proposing legislation to the Senate that
would expand endineering registration requirements
far beyond the engineering discipline, problems
with the present system (if they exist) should be
identified and carefully examimed. I am sure you
agree it woilld be imprudent to impose new controls .
and examination requirements if none are needed,
as such bureaucracy and constraints would likely
discourage a number of individuals from entering
the engineering profession." (Senior Vice Presi-
dent, Union 0il1 Company of California.)

Registration

The question of the need for change hds its foundation in
. the conflicting opinions expressed by participants on

* the need for universal registration, especially.given’
the corporate structure. While the purpose of registra- -
‘tion to safeguard 1ife, health, property, public welfare,
and public good was not in question, -respondents did
debate the necessity of registratiom to attain this goal.
One argument was that registration of all engineers inm
responsible charge was essential to promote.the public
health, welfare and good; the other was that registration
was only necessary when the engineer dealt directly with
a public who had no means of determining competency. The
basic concerns were expressed by an official for the

- federal Energy Research and Development Administration:

"Licensing is a process responsive to the puBT?c,
not the licensed professional. Success derives from
the degree to which licensing improves the pubiic
welfare; does- it protect the citizen from fraud?
Does it promote economic and safe products and pro-
cedures?" (Assistant Director: for Education and
Training Prdgrams, Office. of University Programs,
Energy Research and Development Administration.)
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Those respondents who supported mandatory registration
firmly believed that promoting professionalism in en-
gineering would strengthen the engineer's dedication to
the public. In contrast, many respondents seriously
questioned the need for mandatory registration of engi-
neers in yesponsible charge:

"One must question the basic proposition that engi-
neering activities . . . must be regulated by the
State to adequately assure the safety of the products

" purchased by. its citizens. The proposed. Tegislation
does not govern the safety of products. It regulates
engineering pérformed by manufacturers and others
within the State. It is not clear how regulating .
engineering activities within the State will be linked -
to the safety of products purchased by the-State's
citizens. In contrast, the existing safeguards of
product safety regulation and standards, or the legal
precedents of the manufacturer's responsibility for
his products has _a clear one-to-one relationship with
citizen protection," (Vice President, Engineering,
Litton-Data Systems.) -

"To require registration of all practicing engineers

who are in responsible charge might go beyond what
you-would like in dealing with the quality of profes-
sional engineering. Many engineers report within
corporations and do not interface with the public.
Certainly they must never forget their responsibilities
to the public, but those responsibilities are ordinar-
ily handled by the corporate interface . . .."
(Professor, Chemical Engineering, Vice President ‘for
Institute Relations, California Institute of Technology.)

Exemptions

As expected, the issue of exemption from registration _ *
elicited the same opposing viewpoints as did. the need for
registration. Engineers employed in industry, public
utilities, and the federal government are currently exempt
from registration. Preprint Senate Bill 17, on the other
hand, would eliminate all exemptions. This change attrac-
ted a great deal of attention from the respondents.

There was some strong support for the elimination of
industrial and public utilities exemptions:

“Deletion of the industrial exemption is . . . contio-
versial and traumatic . . .. I bélieve in ‘it inherently,

for the uplift of the engineering profession in its
ability to serve the public. In other words, I believe

148

- 170 " . ol

i

~




legislation prohibiting the-widespread industrial
exemption will-lead to.stronger young men and women
-entering the engineering fields. They will see a much -
clearer horizon for their own goals achievement than
they do now with industrial exemption in most Chlifornia
industry." (Associate Dean for Engineering Co tinuing
Education, University of California, Los Angeles.)
\;; think it is most-unfortunate that reg1strat1on

licensing is not essentiai to engingering prac-
ice by the overwhe]mwng majority of practicing
engineers. I personally would very much.favor a
change to hold a license, without except1on e e
Furthermore, I tgink that deans .of engineering
schools and engi™ering faculty who teach advanced
. subjects should be considered as holding positions
of responsible charge I realize that there’ may be
considerable resistance to such a change among- the
engineering profession, and I would favor a grand-

fathering approach €for those engineers now exempted
trom registration in order to achieve a more inclu-

.

e

*sive group of.registered engineers.
* fication for any exemptions.

S
“
“
“

I see no justi-
There are arguments
offered that.removing the industry exemptions would -
require large numbers of engineers to spend inordi--
nate amounts of tjme.toward achieving registered

status, sometimes at significant costs to their
employers

"If that statement were true (doubtfuTM)
it would stand as an admission that 1arge numbers of

unqualified persons are practicing engineering under
the industry exemption. Requiring registration of
those.persons would be in the best interest of
society, as well as the profession." (Dean of En-
gineering, California State University, Northridge.)

Most of the respondents, however, objected to the elimi-
nation of the’exemptions.
argued that the en

Industry répresentatives
eering work performed within theirw
companies was sufficiently covered by corporate controls,
and that both industry and public utilities were already
subject to6 sufficient legal 1iability and goverpment

regu]ation to assure the competence of their eng1neers
\

&
under any act:

An argument was also presented in support of the exemp-
tion of engineering educators from mandatory reg1strat10n

\
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3 ‘ "I believe that college and university professors

s ‘ should be either specifically exempted or included

under a special provision in the registration pro-

cess. As a group, these professionals have attained

the highest levels of academic achievement having .

once undergone, more stringent examination and quali- .
fying procedures than those presented by the P.E.

examination. However, ‘these individuals are expected

to have a high degree of specialization both in ,

training and ip practice, and I don't believe that

they can be expected to display the broad and more -
general attributes sought in practicing P.E.'s being
examined under the current method of registration."
(Assistant Professor, Eng$hegring and Applied Science,
University of California, Los Angeles.)

The preprint also eliminated the exemption for federal
employees. However, the General Counsel for the National
Sqciety of Professional Engineers questioned the consti-
tutionality of this change: .

$

"This is only a technicality, but Section 6748 should
be eliminated inasmuch as State licensing laws do
. . ' not apply to federal employees while in the performance
) ST of their duties as such-employees. The proviso, there- :
.o , fore, would be “ineffective as a matter of constitutional
- law." .

. Registration by Technical Discipline

The present California enginee¥ing registration law
. licenses engineers by technical discipline. There are
19 disciplines currently ‘recognized by the Board; however,
only three of them limit practice to licensed engineers;
; the remaining ones 1imit the use®of the title. The pre-
R print would eliminate’ licensing by technical discipline. .
Additional information on licensing by technical disci- - °
"pline can be found under.the summary of forum proceedings,
Section 4, following.

R
,

Respondents presented conflicting views on this subject:
. .

"We have tried to 'come on strong' for thexsavantages of
a single nonspecialized registration for the last few
years, with 1imited success to date. Now it is definitely
included in the thrust of the new proposal." (Associate
Dean for Engineering Continuing Education, University
,» Of California, Los Angeles.) )

\]
v
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"The elimination of engineering specialties and
disciplines from licensing provisions could
decrease the technical skills required to engineer
safe, reliable products--thus being counterproduc-
tive." (Vice President, Rockwell International.)

"3. 7 EIT Examination .~

. .-

A number of respondents agreed with the proposal to

eliminate the EIT exam requirement for graduates of ECPD-

accredited engineering programs. Most, however, added an
. internship subsequent to'graduation as a qualification,

and felt that the experience gained therein shou]d be sub-
. Ject to Board approval.

"I have long regretted that the engineering: prpfes--
sion is the only one; to my Knowledge, that does not
give the registration examination to the immediate
university graduate. If an experience component )
subsequéent to graduation is required for registra-
tion, I would suggest a period of internship subse-
quent to graduat1on from an accredited program, but
not necessarily prior to taking the registration
exam. The Board would pass on-the appropriateness
of the internship prior to granting registration to
the individual." (Dean, School of Engineering and
Computer Science, CSU, Northridge.)

"Inasmuch as it is proposed~to break some significant
new ground in this bill, would it not be advisable
to take a major step to e11m1nate the engineer-in-
training concept altogether? In its place, I would
propose consideration of the approach indicated in:
the enclosed NSPE pub]ication, "A New Cbncept for
Engineering Registration.” Under this concépt in
place of an EIT status, all qualified registrants
would be licensed as profess1ona1 engineers with the
proviso that those entering the profession would not
be-authorized to offer services to the public or to
certify engineering documents until- they met the
experience requirements as determined by the Board."
(General Counsel, National Society of Professional
Engineers.)

Rules of Conduct .

Rules of conduct for professional engineers.were included
as part of the draft legislation. Respondents had two
primary concerns-about the rules: First, most felt that
the rules did not belong in the body of the act. They
felt that the Board should be mandated to establish such
a code under the Rules and Regulations of the Board of
Registration for Professional Engineers,

™ A -
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Second, they were concerned about the inclusion in the -
.rules of condugt of a section protecting the engineer -
from discharge-or discrimination by‘his employer in the
event it became necessary for the engineer to report
violations. of the chapter occurring at his place of
employment to the Board. .

"It would be preferable, I suggest, to not include
. the specific Rules of Conduct in the law itself,

: - but rather to authorize the Board to adopt rules of
professional conduct . . .. The rules should be ,
subject to revisions from time to time as new insight

, is gained and conditions may change. If the rules
are in the law itself, it will be necessary to Seek
amendment of the law . . . if the authority is given
to-the Board to adopt the rules and amend them as -
: needed, the legal aspect can be better treated by
. administrative acti® of the Board rather than through
) amendment of the law by the Legislature." (General
Counsel, National Society of Professional Engineers.)
". . . the remainder of these sections leave an invi-
tation for an immature of disgruntled employee to
unjustifiably wreak havoc with a project by creating
disturbance and delays, and thereby add seriously to
the project cost. His reasons might be real, but
far more 1ikely would stem from inexperience or ina-
bility to understand, or would arise from purely
philosophical views motivating a wish to harass or
% - stop the project." (Senior Vice President, Pacific
" Gas and Electric Company.): :

"It could create serious personnel conflicts within
g a company as the engineer seems to be separately -
Cl? ' responsible td the State for the public-good aspects,
. although he is still padid by the employer. Such
problems must move to Sacramento and possibly the
courts for resolutionss Administration and adjudica-
tion of this system talild be a nightmare." (Vice
. President, Reésearch and Engineering, Rockwell Inter-
- . e national,)

1. Effect of Proposed ‘Changes

A While some participants agreed with the executive director
. : of the National Council of Engineering Examiners that
. " . . . the tentative draft is a well-prepared document
\\\\\\ésee Appendix I) and should strengthen the laws per-
“taining to engineering registration . . .," most indi-
. 3 viduals, particularly those from industry, expressed
-~ . doubts about the future of engineering in California
“ should th® proposed chamges be enacted:
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"One must also question what the potential economic
jmpact will be to the state passing such regulatory
legislation of engineering activities. Most products
having substantial -engineering content that are
manufactured in one state are sold in other-states

or countries. Some products are not sold at all within
the state where they are manufactured. Almost all

. ) , - products purchased by citizens of one state are manu-

factured in other states or imported.. Consumers will
. tend to buy the cheapest suitable products regardless
- of where they are manufactured. There is Tittle
question, that engineering costs, hence product costs,
. . will be increased due to the limited supply of suitable

S registered engineers. Manufacturers located in states

having such legislation will be noncompetitive and
will suffer reduced busihess volume or will consider
relocation to other states. States having such legig-
lation probably will tend also to discourage new manu-
facturers from locating in that state due to increased
cost of engineering services and the relative difficul-
ty in filling engineering job openings in case of
needed rapid expansion. The state will lose work
force and revenue dollars from pursuing such a course .
of action. The state cannot remedy this situation
by imposing a requirement that all goods imported into
the state also be manufactured under similar conditions
¢ as this would be an unreasonable restraint of trade
under the Interstate Commerce Clause of the Federal
Constitution.” (Vice President, Litton Data Systems.)

m. Summar

Central to each issue on which comments were offered was

v the primary conflict of opinion over the need for registra-

_ ) <. tion. Some educators, and few individuals from technical

. y T societies, supported mandatory registration and the balance

. - of proposed changes. Industrial representatives and the

remaining individuals opposed mandatory registration

2and the corresponding proposals. .

J

— udging from the initial responses to the subject of
registration and administration of the act as presented
in the preprint, the draft was neither accepted nor re-
jected. - The issuessraised by the proposal have existed
“for many years and remain unresolved. . As one respondent
pointed out, " . . . the assessment of value of licensing

~ must be accomplished by a broader Qased group than repre-
" sentatives of only the eddcational commun#ty and the
practitioners themselves." This was attempted, but the
. nonengineering’ groups felt incompetent to contribute.

&L

- ~ ) . . ‘ ’
153

o | - - 1 7%;4ﬁ

.




~——

Summary of Forum:Proceedings

The public, forun on Preprint Senate Bi11-No. 17 was held
on July 26, 1976, in & Senate hearing rocm in the State

" Capitol. Fiveipanels were assembled, each dealing with

a major aspect of the preprint legislation: - (1) justi-
fication for pegistration of engineers; (2) education
requirements /for .registration; (3) qualifications «for .
registrationi (4) miscellaneous requirements and provi-
sions; and (5) industry and public utilities exemptions.
The panelists reprasented engineering societies, in-
dustrial management, educational administrators, educa-

tors, practicing engineers, and engineering unions. . ‘/[ C::\\

Senator Rodda was assisted in conducting the forum by
staff consultants to the key legislative committees and
a past member of the Board of Registration for Profes-
sional Engineers. Senator Rodda's opening statements

made it clear that the forum was to be held in an informal -

manner: to stimulate frankness and candor in presentations.

Nevertheless, most of the presentations were quite formal,

and re ented stronger positions than those. presented -
oted during the fdggm‘neview. -

A‘complete transcript of the forum was made and has been
retained as part of the file on this project. The follow-

ing sections present & brief.discussion of the principal
issues. ’ ' .

a. Purpose of Engineering Registration

Forum participants.generally agreed that the purpose
of engineering registration should be to safequard
public health, welfare and safety. They also agreed
that the existing registration law should continue to
serve as the foundation- for engineering registration
and should be changed only when a need for change
was demonstrated. , -

b. 'The Need for Change/dustification'

Participants in thézfoéum'aisﬁgreed among themselves

on the need for change. Three major schools of

thought were identifigd: ] ,

" (1) There is.-no need for change. 'Existing institu="
tions are serving "us" well. oL :

" (2) There is a need for change. . Improvement in the -
existing institutions is possible. However, this
improvement should be "“evolutionary" instead of
"revolutionary." * -

“,
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(3) There is a need for drastic”éhange.

"The many exempt1ons in the present law permit
intense economic pressures for compet1t1ve
businesses to prevail over sound engineering
judgment. The registration of engineers in
separate speC1a1t1es has created an explosion
of .new registration d1sc1p11nes under pressure
from specialized engineering groups attémpting

- to register their members by "grandfathering"”
rather than by examination.’

Forum participants gave the most support to the first

two schools of thought. It must be roted, however,”

that most of the testimony probably represented

. management level positions in large corporations and

policy level positions in major universities.

Those who supported *the first school of thought did
not believe in"a need for chahge. In effect,+it

was said that "Engineefing enterprise has brought
enormous success to California under existing institu-
tions." Numerous examples of these successes were
cited, 1nc1u1‘29 California's leading position in
agricutture, derospace, electronic- and computer-based
industry, and environmental quality management. One
individual added, “"Engineers with vision, creativity,
industry, and education at advanced 1evels have been
vital tg a11 of these and to the 1living we now enjoy."

Those who_supported the second schoo] of- thought recog-
nized that the complexity of engineering practice

«".pequired "evolutionary" change rather than "revolution-

ary." Those who viewed gradual change -as more effective
and .beneficial than rapid change were self-employed
engineers of small consulting firms 'and empToyees of
Targe companies whose profess1ona1 responsib111t1es

were "diluted." \

Those who supported the third school of thought stated
that "The Registration Board was unsuccessful in
e11m1nat1ng many flagrant abuses of ghe Professional
Engineers' Act." They pointed out that the new special-
ty categories substant1a11y increased the Board's .
commitments to processing applicatibns and made it
nearly impossible to enforce an already unenforceable
law. These individuals supported mandatory - registration
of engineers in "responsible charge," argu1ng that the
large number of unregistered-engineers in 1ndustrp/53u1d

Yy 0
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continue to practice under the responsible charge of
a registered professional engineer. They concluded
that, "The proposed legislation would provide the
public with protection from technological injury at
virtually no increase in cost occasioned by adminis-
tration of the Act or by displacements in private

, industry." E .

Definitions

For many years there has been considerable debate
.concerning the definition of terms commonly #ncluded
in engineering registration laws. Preprint Senate

Bill 17 was drafted to stimulate discussion and clar-
ification of these definitions 15/, 16/, 17/, 18/,
which were extensively criticizea during the forum.
~Although some participants believed these definitions
to be an improvement over some of the existing ones,
there was a consensus that clearer definitions-should
be .formulated before changing the existing definitions.

Education

Forum participants“generally agreed that California
"engineering education programs were doing a good job.
-They believed that the needs of a diverse job market
were being met by the wide variety of engineering

" education programs in Ca]ifo(nia..

The.participants did not:agree on whether or not
"engineering students should be exposed to all the
"fields of understanding," and on what the extent of
exposure should be. .It was.pointed out that only a
1imited. amount of course material could be "squeezed"

- into a four-year program. PO >
The question of teaching technhology to engingering

- students was also discussed. Participants generally
agreed that it'was impossible and impractical for .
universities and colleges to teach students technology,
because it changed fo6 quickly. Most agreed that the
current emphasis on fundamentals should be continued.

is position taken.in the’ forum contrasted oblique-

ly with feelings expressed-by individuals deterfhined .
in other.parts of this study.) o

Only one major criticism of engineering gducation was

rexpressed in the discussion. The president of an
engineering society representing 7,000 engineers stated
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that eng1neer1ng students were not properly prepared
for employment “in large industry:

of identity, the profit-motivated policies carrikd

out mainly by personnel and other labor relations

people . . .. We find, particularly in the aero-
" space industry, quite a few leaving after the

first year because they are becoming a*number and

they are marching to a different drummer, so to
speak . "

Rules of Conduct

Most participants were extremely critical of the rules
of conduct and did not believe that such rules should
be included in the Engineering Registration Act, par-
ticularly since numerous engineering societies, such

as NSPE and NCEE, already have a Code of Ethics.
Generally, it was felt that the engineering profess1on
was doing an "excellent job of establishing and main- -
taining exemplary standards of conduct in. engineering
matters and that the proposed legislation would, without
enhancing these standards in any way, create turmo11
within the profession by injecting new responsibilities
of an ill1-defined nature into the professional relation-
ship." This position was not ‘unanimous, however.

The principal of a large civil endineering firm noted,
however, that individual society codes of ethics
-actually had "no effect and force" on practicing en-
gineers. If an engineer failed to adhere to the’
prescribed code of ethics of the engineering society
of which he was a member, the society could terminate
his membership; but it couldn't prevent iim from
pract1c1ng b /
" .

The rules of conduct inChwded in the Act were comprised
of provisions from the code of ethics of NSPE, NCEE
and ECPD. Interestingly enough, many of these provi-
sions received substantial criticism by part1c1pants

_ A nondiscrimination provision, similar to the one
included in HR 14068 (94th Congress), was extensively
crigicized by engineer1ng management. The provision
reads: +

"No employer shall discharge or in any.manner
discriminate against any employee because such

employee has filed any complaint or instituted
or_caused to be gnstltuted any procegd1ng under

157 ,’ 117.9 -
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or related to this chapter or has testified or
is about to testify in any such proceeding

or because of the exercise by such employee

on behalf of higself or others of any right
afforded by this chapter.” (Section 6710.3(a))

Under the provisions of the bill, the Board of Regis-
tration would be given the power to investigate

such discrimination complaints and bring appropriate
court actions. Engineering management+believed the
provision would introduce the government as a third
party in employee-employer disputes and subvert
responsible management practices of large companies’

In summary, there was some agreement among partici-
pants that rules of conduct might be more appro-
priately placed in the rules and regulations of the

.Board of Registration for Professional Engineers

ratper than having them specified in the Act.

Registration

Several major aspects of the.registration process were
discussed, including the elimination of "grandfather-
ing," disciplinary licensing, waiver of the EIT exam
for graduates of ECPD-accredited engineering education
programs, and the content of the professional engineers'

.

‘registration exam. :

The majority of the forum participants were opposed to
the elimination of "grandfathering" and disciplinary
licensing. Currently, when a new discipline becomes
licensed there is a "grandfatheripg" period during which
persons practicing in the discipltne may obtain regis-
tration based upon their references and work experience.
Few take the exam once the "grandfatherirg" period has
ended, unless registration «is required by that disci-
pline of engineering-practice. Those who opposéd
Preprint Seénate Bill 17 provisions to end these practices
argued that specialization in engineering necessitated
disciplinary licensing and that the "grandfathering”
process was at 1eas¥ as effective as the examination
process in determining whether an applicant was quali-
fied to practice in a particular ‘field of engiheering.
Those favoring the elimination of "grandfathering”" and
disciplinary licensing argued that these.practices had ¢
recently byought the existing registration law to a -
state of ¢risis. One engineer noted:

L9
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"Within the last year alone, more new registra-

tion titles have been added than were established.
in this state in all previous time. The initial
applicants in the new disciplines will not be
required to pass the usual qualifying examinatiq;i&%
therefdtre, the public will not be assured of the
competence. This avenue cannot now be closed

under the existing law sigce there are presently
recognized over 100 specidlties in the field .

of engineering and more can be defined virtually

.at will. $ f

"But the problem does not end there. Even before.

these latest additions, the Registration Bgard :

was unsuccessful in eliminating many flagrant

abuses of the Professional Engineers Act. With

these latest additions, and the others sure to .
follow, the enforcement problems are greatly in-
tensified at the same time that increased staff
commitments to processing applications will be

required. Thus, the present law which is already
ineffective will become even more unenforceable. . o

"The legislation proposed in your -Preprint Senate

Bill No. 17 is a magnificent solution of the type

Tong proposed by professional engineers. The

simplicity of administration of the s1ng1e regis-

tration will assure the public of a minimum level

of Competence with all registered engineers while

freeing the registration board staff for-enforce-

ment duties or_investigation of malpractice. The

problem of establishing when specialized services /
must be obtained to provide the -"area of compe- '
tence" rests clearly with the professional engi-

neer who {s-also in the best position to determine

where such services are requ1red in any given work.

"The offending qndustry exemptions are eliminated

while still perm1tt1ng the large number of un-

reg1stered engineers in industry to continue to

practice under responsible charge of a registered
professional engineer. The legislation proposed -

would, therefore, provide much greater protection

for the pub11c from technologica] injury at vir-

tually no increase in cost occasioned by adminmistra-

tion of the act or by displacements in private

industry.” (Statement prepared by Robert J. Bent-

son, member and director of the Structural Engineers'

Assoc1at1on of Northern California and delegate and
~ .
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president of the California Legislative Council
of Professional Engineers.)

Several persons disagreed that "grandfatheriggﬂ was
an effective method of determining competence. They
- held that " . . . testing was more effective and
equitable than 'grandfathering,' and ensured equal

- treatment of applicants; and that the elimination of
'grandfathering' and 'disciplinary licensing' would

. simplify the registration law, making it possible to
.more effectively enforce it." Both engineering :
management and educators who opposed these provisions
of Preprint Senate Bill 17 argued that they would
serve ondy the licensed practitioner at the expense
of the public.

Unlike the issue of "grandfathering" and disciplinary
licensing, panelists generally agreed that the EIT .
exam should be waived for graduates of ECPD-accredited
‘engineering educatjon’ programs.

The content of past professional engineéting exams -

was questioned by a substantial number of forum par-
ticipants. Several viewed the questions as “"academic,"
and suggested that the examination be lengthened and
several essay questions be added concerning general
aspects of engineering practice within a social context.
Others did not believe it was possible to measure an
individual's competence through testing, and suggested
that more weight should be given a person's credentials.
Some believed that it was not possible to measure
competence until something negative happened. They
felt that it was impossible to take effective preventa-
tive action and suggested that the only method of
protecting the publig was through court action. This
threat of liability, they reasoned, would deter people-
from knowingly doing something harmful to the public
heaith, welfare and safety. - « .

Exemptions -

Mbgt of the forum participants opposed mandatory regis-
tration for engineers in "responsible charge" for a
variety of reasons: . :

-7
¥

(1) It is too difficult to define the Tines of respon--
sibility for extremely complex products.

1
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(2) The differentiation of responsibility among
‘var1ous eng1neer1ng disciplines, and differences
in State registration would result in "fierce"
recdrd-keeping problems.

(3) There is "no evidence connecfing the PE examina-
tion with the sophisticated and involved
analyses and decisions required in real life
- «situations, and safeguarding the public." (State-
ment prepared by General Managdy of G.E., in San
Jose.) R

{ v
(4) Mandatory nonspecialized registration laws would
create extensive probiems for interstate commerce.

(5) The only Jjustification for registration is to

protect the unsophisticated consumer. Engineers
usually do not, however, jnteract with the public.
* This interact1on is the respons1b111ty of cor-
porate management. Consequent]y, there is-no
justification for e11m1n9t1ng current exemptions.

(6) Mandatory registration laws would increase the
production costs ef many goods.

- Summary . " . a

Preprint SB 17 incorporated most ‘of the elements that
have been of concern tothe profession in engineering
education, societal needs, and the licensing of en-
gineers in the State of Ca11forn1a. Numercus articles
have been written, studies have been conducted, and
speeches have been made on these subjects. However,
the threat of State interveption into areas that have

*» been controlied by entities other than State government

caused ’pubiic expressions of concern for every aspect

-of the draft legislatidn. There was little support

by each for a particular element of the b1l was’ so
great that the entire draft.was challengeq. Those con-
cerned with engineering educational programs feared

the loss of ‘volunteer control of acgreditation and
State-eéstablished standards of curricular acceptability.
Those representing manufacturing companies_were_con-
cerned over the proposed loss of exemption and. the +
attendant requirements imposed upon companies - for use o
of engineering talent. Those groups represgpting dis-
ciplinary segments in the engineering profession were
concerned over the potential loss of the use of a title
that had been established after much, effort with the

for the propesa] from any dne group s1ncehconcern fe]te
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Board of Registration.: They saw no need for single
registration and opposed the elimination of grand-
fathering provisions. Representatives of groups
currently covered by the practice provisions of present
law displayed concern for the ineclusion of.all.engi-
neering practice under the proposed legislation, and
opposed the draft for this reason. The same groups
also found the incorporation:of rules of conduct into
the proposed act'quite distasteful, Groups that had
proposed specific changes in the.Act in-the past even
criticized those same changes in the draft legislation.

In general, there was an attempt made to limit thé :
application of the Act to a small number of cases in
which a property owner employed a land surveyor to
resolve a boundary-line dispute with his neighbor. :
It was felt that the only justification for State

- intervention into the free marketplace was for the

protection of the uninformed citizen from damage °
caused by an incompetent practitioner offering ser- -
vices directly %o citizens. It would be difficult
to justify engineering Ticensing in California based;
upon such a narrow application of the Act. o

i.. Conclusions from the Forum Proceedings

"The fo11oﬁing conclusions could be drawn fromfthe pre-

sentations given at the forum. These shou®d be compared
with other data gathered during the study, -

(1) Engineering educational programs insCalifornia
are providing all of the necessary requirements
for industry and are sufficiently diversified to
satisfy the breadth of marketplace needs: .

(2) The current” exdmination .requirements, including
grandfathering, are adequately ensuring competent
engineering practice;

(3) There is no need for mandatory.licensure of engi-
" neers, since industry is 1iable for any injury
thap may occur from ,incompetency; ot -

(4) Discipiinary 11cénsing,i§ better than nonspecial-
~ 1zed or:single professional registration;

(5) There is no need for the incorporation of a code
of ethital practice as part of the Registration
Act; . .
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) ~(6) The only type of engineering practice that - '

should be licensed in California is a small
segment of land surveying that is offered

direct1y to a citizen, not a public agency or
, - private industry that has at its own disposal
\ ‘ the ability to determine competency without
' ’ State intervention; and -
(7) The genera1 public in the _State of Ca11forn1a
-, is well served by the current educational
system and registration pmactices, and wheré
problems exist, they should be resolved .through
court action to determine 1iability.
It is apparent from these obseryations that, under
the threat of state-mandated efforts, the pos1t1ons
K\*_‘ taken by nearly all participants were quite different
* from those positions taken previously by others when
’ there was no threat of government mandate.
f 2]

5. Geferal Observations',
T =

“The objectives of the forum were effectively fulfilled,

» "~ and the major issuyes affecting the complex profession of
engineering were illuminated. California representatives
of the eng1neer1ng community were able to present their
respectlve positions on the coord1na§10n between engineer-
ing education and registration and off the effectiveness

of registratiod in providing protect1on of the public.

‘\kThe forum was_structured to effect1ve1y stimulate d1scuss1on
of proposals in the draft legislation which addressed en-
gineering education and registration.- These proposals

. elicited the presentat1on of policy positions on the basic
- issues. .

- Forum participants generally agreed that current California
. engineering educatibn programs provide a variety of engi-
} neers with the knowledge and skills.necessary for the needs
| , of the diverse job market. This position contrasted with
the recommendations of many pr1or studies and with'the
: ) results of interviews conducted in this study. This di-
RN chotomy may be attributed to the fact that the preprint
carried the threat of government intervention, while the
prior studies and interviews were only the expression of ‘
opinion subject to debate ' |




. Participants-also generally-believed that the current
NS ) Registration Act was satisfactory and that there was no
justification for any change in the law. They supported
disciplinary title registration and the proliferation

of new engineering registration categories with attendant
grandfathering. They also strongly supported industrial

and public utility exemptions. ' -

The popular opinion of the representatives was that only
that portion of engineering practice offered directly to--
the "uninformed" public should be subject to registration -
ugder the Act. Members of Senator Rodda's hearing panel
explored this position with the participants. As an
‘example, it was explained that a surveyor could be con-
tacted through a telephone 1isting by a property owner
attempting to resolve a boundary dispute with his neighbor.
Because of this direct contact with the uninformed public,
the surveyor should be licensed. -

_ A11 other engineering is offered to, or conducted by, pub-
. e . lic or private entities that have the ability to determine
’ ' competence. The public is protected, according to forum
o : representatives, by the sophistication of engineering
; employers.  Statistically, under this concept there is. no
Justification for the registration of a major number of
the approximately 52,000 engineers presently registered
in this state. - N

Forum participants also firmly believed that legal liability
" was the prime motivator for the protection of the health,
welfare and safety of the public. The threat of litiga-
tion encourages engineering competency. Critics of this
approach maintain that while litigation against the incom- ‘
-petent engineer or company is one method of protecting 7
the public, a much better approach would be to prevent in
Jury through registration which would eliminate the -
incompetent, rather than depend upon a system of retribu
tion and restitution.

The positions presented at the forum indicated that the

- education. of engineers will continue to be heavily influenced

by those concerned with the process, educational institutions,
and educators, and that any attempt by the State to estab-

1ish general standards for engineering education programs

will be actively opposed. Also, the positions indicated that ~
the various disciplinary segments in the engineering commu=

'a} nity did not see any justification for a broadening of the

coverage of the Registration Act and would not support any
effort.to do so. ‘
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*_This study addressed the role played by the State in the*
. protection of the public. It was ‘recognized that the ©
oy major portion of .all engineering is conducted through a .
legal entity other than an individual practitioner. It
also appeared that*there was no interest in having the .
State establish minimum standards of competency and
administer a registration system affecting all engineers
. in all modes of practice. The preference, by the profes-
sion and engineering employers, was to keep the State out
‘ ‘ of the process through exemptions for industry, utilities,
. and. federal practice. However, some of the major prob-
lems in engineering projects which resulted in loss of
life, werd experienced in areas exempt from registration
laws, despite the fact that many of these projects were
subject to established State and federal regulations. It
appears that the current,trend in society will continue,
that the threat of liability and damages awarded by the
courts will ensure the competency of the .practitioner.
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VII. ENGINEERING ADVISORY COMMITTEE

-A.

General Background - ~

N\ - A
The principal objective of this project was to identify a
system for the periodic evaluation of engineering education
and licensing programs to ensure that the needs of society -
are met by the practicing professional. It was reported
th;%kmajor differences existed betweep these elements and
that" there was very little evidence of any coordination among
them. -Although 1t is recognized that, in a free society, the
independence of “the Postsecondary education system,must be
insulated from adverse, .near-term policy influence, it has-} -~
also been recognized by the California State Legislature th
“coordination and planning are vital elements in providing
postsecondary education" with the capability to meet the
needs of the people. (California Education Code, Section
22710, €h. 5.’1;) . - L o

. Concerted efforts have beén’ made to bring representatives

of the practicing profession into the review and accrediting-
process, but the educational system has_remained relatively
independent from outside evaluatign. The Engineering.

Council for Professional Development.has a national charter
for the periodic review of the four-year undergraduate program
in engineering, but the organization's efforts to involve
repﬁesentatiyes from industry and the practicing community
have not been totally successful. ~Consequently, the accred-
iting committee is composed of a majority of engineering

.-educators. Also, the accrediting process is somewhat limited

to the curriculum offered in the firsg two years of a four-

year program.

~

The Board of Registration for Professional Engineers has

standing committees_on educational .and disciplinary require- ==
ments, but it, too,%as historically and automatically

accepted the accreditation requirements established by the
Engineering Council for Professional Development, and.has

given little attention to the relationship of the licensing - '
process to the practice of engineering in society. .

The California Postsecondary Education Commission's charter
has been Timited to general evaluations of the.need for en-°
gineering programs in light of prevailing demands for "
specialized engineering manpower. The Commission, with its
responsibility for program and budget review, has been care-
fughnot to include curriculum evaluation.

"L . ) : -




As the practice of engineering becomes more subject to-
public policy es§2b11shed by the State and federal govern-:
ments, and a$ technica¥ options are increasingly more’
inf]uenced by social, economic; political, envirofmental,
, aesthetical, and 1ggal constraints, there is.an increasing - @
Cy . necessity ‘to develop some method of continual evaluation
b and.coordination that will correspond to the shifting

- problems and needs of society. The Commission is a possible

vehicle for accomplishing this through the formation of an

® - . Engineering Advisory Committee under its éx:stlng mandate.
- (See Appendik J.) This advisory concept is also applicable
to other professions; such as medicine and law, where there
- - - are formal degree programs in the postsecondary institution

and State licerising requinements for ‘the practitioners.

'B. Establishment and Goals of the Advisory Committee ‘

. — The Commission on Postsecondary Education, under existing

mandate-and-within established goals and objectives (see-.--" —--

Appendix J), should establish the Engineering Advisory Com-

mittee. The proposed Committee, -within the ‘structure of

. the Commission, would fac111tate the acconiplishment of the
) following genera] goals. i

1. To delineate the "fields of understand1ng"‘that charac-
N . terize the pradtice of " engineeripg as it relates to
. evolving societal needs. .

2. To. evaluate and make recommendations concerning engi- \ﬁgr,
" neering ) urr1cu1a in light of the_."fields of understand

— ing" and encourage its adaptability to the broad demands

- of engineering pract1ce and 1ts correlation with societal

- . 4 needs. . e L
- o 3. To evaluate and make recommendat1ons concerning the engi-
& ; neering registrat1on process as it relates to and
- - .o o reflects -engineering pract1ce educat1on and societal *
BT . . needs.. .
. " " . ~
et P To issue reports of findings, and recommendat1OQ§ to in-
IS . crease public awareness and understanding of the inter-
) e < T act1on of eng1neer1ng educat10n licensing and registration.
. '} .Y’ ., *;Q:o: ",‘ .
= - v G Composit1on of the Eng1neer1ng Advisory Cpmm1ttee~ o L
\_.b,‘ e .- e~ - L L. :
» L g Tne,membenship of ‘the Eng1neer1ng Advisory Comm1t ee wou]d : 7
’ T . serve at ‘the plegsure of the Commission,- and would ‘be-composed
of, but npt necessara]y limited ,to, 'repre5entat1ves from,
- varidus segments 1q the prdfessﬁcn and soc1ety e e .
167 18 -
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a."Posfsecondary education~iHstitutions‘
b. The practicing engineeriﬁéﬁprofession
c. Engineering employers

*d. Public policymakers

. o > £
e. -Consumer groups 4

g

Y

f. The.Board of Registration for Professional .
Engineers . - o

P

g. Department of Consumer Affairs. _ .

h. Engineering studetts , .

i. Science education in secondary schools

Recognized representative organizations should be solicited
for nominees for appointment to the Advisory Committee and
appointments should be made so that no single group would
constitute a majority on the Committee. One staff person
should be appointed to serve the Committee's administrative
needs. Additional staff should be.provided based upon the *
Committee's approved plan for program review and evaluation.
The staff'would ass¥st the Advisory:Commjttee in formulating
recommendations, preparing them for presentation to the Com-

mission and the Board of Registration for Professional

Engineers, and repres

ent.the Commission tolthe Board, as

required: R
Duties of the Advisory C ﬁg%ttee , "‘\\

-

The Engineering Advisory Commi ttee would Qave the foﬁ1oWing .
duties: : Coe - LT .

h .

: v‘a?‘*;‘}" Lt T ‘ ’ - - ' . .

~d. Identify major needs and concerds of the people of
California as they relate to the practice of
engimeering; - S

F

‘b. Examine exigting and proposed.professional engingering
_e%ycation programs in*light 6f public concerns;

c. -Develop. recommendations .for program modification or

grams relevant to engineering practice and submit

“ et errspecia1 projects to make engineering education pro-

- . - ’

- these recommendations t6 the Commission;

o
168 -7 y

P - 190




&

- .
. Voo

“®

o

. Define the job market parameters which affect
. ’ future engineering manp’ﬂ!r requirements;

D§3e1op criteria for budget, analysis of.engineer-
ing education programs to be used in program
analysis and in the review of new programs ; 4\

[

f. Formulate counseling criteria for the four segments
of postsecondary education and secondary education
to increase student awareness of the educhtion and
practice requirements of a career in engineering,
and submit the criteria to the Commission for appro-

‘priate action; .

Te]
.

. Evaluate pFograms, methods of funding, service
i delivery systems and techniques fo continued
: education for the engineering professton;
Determine basic minimum requirements for practice
} of the engineering profession and present these ) . AT
recommendations to the Board of Registration for &Sﬁﬁg
Professional .Engineers; o

=
.

]

—te
.

Assist the Board of Registration in the formulation
. of examination criteria; o

Assist the Board of Registration ,in the develophent
of qualifying criteria for engtneering education
curricula to be used as_equivalency toward the
experience requirements of regis;ration; and

e
.

»
.

Evaluate the level of understanding that should \‘%

be obtained in the four-year education programs .
in each of the "fields of understanding” which

represent engjnééi?:g practice. C

[ -,
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Appendix I, "Background of National Pr1or1t1es for Use of
Engineering and Scientific Talent," Energy ard Eno1neer1nq
Education - Project E-E, Assembly Education Committee,
9a|1forn ja LegisTature, May 1975. -

3
NCSBEE Tater. became the National Council of Eng1neer1no
Examiners.

3/ Proceed1ngs of the Natijonal Council of State Boards of Engi-
neering Examiners, 13th’ Adnual Convention, New Ybrk City,"
September 29-30; Octpber 1, 1932, p. 12

+ r_/
SPEE later became' the American’ Society for Englneer1ng
Education.
3
Proceed1ngs of the National Council of State Boards of Eng1-
‘neering Exam1ners, 1932.

»"

Letter to Senator Albert S. Rodda, July 21, 1976.

] e
ECPD 43rd Annual Report, September 3¢, 1975, p. 89.

A11 schools, except West Coast University, have ECPD accred1ted
engineering education programs. .

.. ~—

. Some campuées ha¥e h1stor1ca11y been known for having bas1c
research-oriented engineering education programs that assume the
student will continue for a master's and a doctorate at the
institution, then conduct research. Other campuses are known

\ for the1r practical practice- or1entat1on

10/ "Spec1f1c course requirements"” din this andlysis are defined -as
4required courses within a parttcular "field of unaerstand1ng "

For example, if "Eng1neer1ng 100, Heat Transfer" was required
for a bachelor of sc1ence.degree in eng1neEr1ng, it would be
considered a specific course requirement.” Also, if a student
was offered a choice between two or more four-unit classes,
i.e., "PRysics 100, Principles of Motion"-and "Chemistry 102,
Principals of Chemfﬁa] React1ons," the choice would still be
considered as flour units of. specific requ1rements w1th1n the
Jphysical science "f1e1d of uwderstand1ng ' '

To fac111tate the deve]opment of an elective classifictation scheme,
, the "fields of understanding" were divided. into technical and

nontechnical fie1dS. The technical fields of understanding -

encompass physical science, 1ife,sciences,_epgineering sciences,
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design/application, engineering. technology, whereas the non-
technical fields include ethics, communication arts, management,
economics, law, p011t1ca1 science, behavioral sc¢ience, humani-
ties, and history Electives were class1fed as: "Technical," .
where a-class from two or more technical fields of understand1ng
could be selected; "nontechnical," where a class from two or
more nontechnical fields could be se]ected and "restricted,"
where a class from a ”techn1ca1" or “nontechn1ca1“ field could
be selected.

Depersona11zed transcr1pts are transcr1pts with no identifying

information. The pérson whose transcript’ is be1ng exam1ned
remains -anonymous .

Art1cu1at1on agreements between the four segments of higher edu-
cation permit the transfer of credits toward the baccalaureate

"degree. There is a need for more comprehens1ve counseling of

students to ensure that particular courses are within.the articu-
lation agreements and will result in transferable credit from
one segment or campus to another. Time and financial restraints
did not’ permit the investigation of this need in this project;
however, this difficulty was of some concern to.the faculty
interviewed as ‘part of this project.

-

A structural engjneer must first be a registered civil engineer.

6704. "Engineering practice” and "engineering work," within

the intent of this .chapter, shall mean any service or creative
work, the adequate performance of whic¢h requires engineering
educatign, training and experience in the application of special
knowledge of the mathematical, physical and engineering sciences
to such services or creative work as consultation, investigation,’

.evaluation, planning and design of engineering works and systems,

planning the use of land and water, and the inspection of con-
struction for the purpose of assuring compliance with drawings
and specifications; any of which embraces such services or work,
either public or private, in connection with any utilities,
structures, buildings, machines, circuits, equipment, processes,
work systems, projects, and industrial or consumer products or
equipment of a mechanical, electrical, hydraulic, pneumatic,
nuclear, aero-dynamic, or thermal nature, insofar as they involve
safequarding 1ife, 'health, property, public welfare or public
good and including such other professional services as may be
necessary to the planning, progress and completion of any eng1—
neering services. )

A person sha11 be construed .to practice or offer to practice:
engineering within the mean1ng and intent of this chapter who
practices any branch of the profession of engineering;.or who,

171
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by verbal claim, sign advertigement,_1etterhead, card, or in
any other way represents himself to be a professional engineer,
or through the use of some other title implies that he is a
professignal engineer or that he is' registered under this
chapter; or who holds himself out as able to perform, or who
does perform any engineering service or work or any other ser-

. vice designated by the practitioner which is recognized as

engineering.

6706. "Engineer in responsible charge," within the intent of
this chapter, means the ifidividual who determines technical
questions of design, development application, certification
or constryction, or persona11y dupervises engineering work.

6708.1, "Public welfare" involves the general well-being o% the
pyb]ic. .
¢ '
6708.2., "Public good" involves the utilization of public
resources. . - .
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APPENDIX A

f

ENGINEERING PROJECT ANALYSIS

S

It is axiofatic that engineering, science,’and technology touch

'nearly every aspect of daily living. The needs and wants of society’

have cumulattvely comprised the standard of living that is the
halimark of American life. The demands of society and the emphasis
placed upon the priority of those demands¥Rkas shifted according to
the times.over the pdst one hundred years. Needs have become wants,
and wants have become needs depending upon the social and political
implications. .- P )

The principal issue raised by this study was the relationship between
the education of those who have the responsibility. for transferring
science and technology to the processes, products, materials, and
developments tth society both .needs and wants, and the methodology
in which the transfer process actually takes place. Of further
concern was the protection of the public health, welfare, safety, and
good in the technological fields and the State's responsibility for
this protection. In the latter case, thé whole subject of

engineering licensing was addressed.

The .parameters of engineering practice vary according to the.
conditions existing at any particular time. In times of crisis and
national security, society waives many concerns to expedite’ the
transfer of technology to societal needs. In most cases, technical
decisions “are heavily biased by nontechnical considerations.

. Correspondingly, the- demands upon engineers who implement technology”’

change.. "Hence, the types of knowledge involved in engineering
projects and the level of awareness needed in order for engineers to
function in a professional and ethical manner in the technological ,
transfer process become key issues.

Three major, publically recognized engineering projects in‘recent
California history were analyzed to identify the integrated types of-
knowledge involved in them: (1) the Santa Barbara Channel pil
development and disastrous oil spill, (2) the Bay Area Rapid Transit

' system, and the (3) Diablo Canyon Nuclear Power plant design and

development. The Santa Barbdra Channel oil project was used to
examine the public's interest in the-area of environmental \quality
control. The Bay Area Rapid Transit system was presented as a public
trapsportation need. And finally, the Diablo Canyon Nuclear power
denggBﬁEﬁt“ﬁfemp]jfied orie of the energy options available to the
public for satisfying.the increasing demand for energy resources.

-Because the Bay Area Rapid Iransit system and the Santa Barbara

Channel oil incident have been the subjects of many reports and
investigations, the types of knowledge involved in each was readily -
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reduced and_analyzed. In tontrast, the design and development of a
nuclear power plant was relatively new and invoived both subJect1ve
and objective analysis.

The parameters, or spetifications, developed from the analysis of
these projects led to the development of the "Eields of
Understanding” which were subsequently used for a comparative
analysis of engineering educational programs and licensing of
engineers in California.
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1. SANTA BARBARA CHANNEL QIL PROJECT - ENVIROﬁMENIAL QPALIIY

The tragic Santa Barbara Channel oil spill of January 1969,
heightened public awareness and concern for pollution.. State and-
national attentioniwere focused on the polluting effécts of the
spill. Governor Reagan in his "Spirit of the 70s" State message
pointed out tie importance of the environment to the quality of 1ife.
"There is no subject more on our minds than the preservation of our
environment, and the absolute necessity of waging an all-out war
against the debauching of that environment . . .. Along the Santa
Barbara coast, seeping oil continues to ruin the beauty and endanger -
wildlife . . .." .

<

a. Background . L

-

Many of the major events preceding the spill have been summarized
by Charles E. Mc Carty in his study entitled, The Santa Barbara
Channel Qil Disaster: A Case History of “Environmentat
Exploitation With Recommendations For Reform. A portion of this
summary 1s quoted below: )

"As early as 1955, the State of Ca]iﬁﬁé%ﬁa recognized the need to
preserve the aesthetic qualities of the Santa Barbara area, and
///fﬁus enacted the Shell-Cunningham Act, which created a sanctuary
some sixteen Miles Jong in the State waters off Santa BarbaMa.
According to the provisions of this-Act, no drilling platforms
could be erected within the sanctuary unless it could: be shown
that oil production in areas beyond the State's, three mile limit
was draining the pools within the State waters of the sanctuary.

“In 1958, the first offshore-platform was éstablished in State
waters off Summerland by Standard 0i1 of California. In all,
eight offshore platforms have been erected in the State waters of
the Santa Barbara Channel, four to the east and four to the west
of the City of Santa Barbara. In addition, there are four
underwater completions.

“In December of 1966, the Department of the Interior announced
that it was calling for bids on a lease block in federal waters’
adjacent to the Standard 1lease. The federal .government
contended that the Standard operations were draining oil from
pools in federal territory. The County of Santa Barbara was
appafently not consulted on this matter prior to the bid call,
despite assurances from the Interior Department in February of
1966 that consultations would be undertaken. The lease was

3
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granted to a combine of Continental 0il Corporation, Phillips ™~

Petroleum, and Cities Service Qil-Co. on December 15, 1966, for
$21,289,000.

£




"On December 19, 1966, the Santa Barbara County Board of
Supervisors requested that the Interior Department refrain from
granting any further leases until-local consultations had beén
undertaken with county officials. 1In January of 1967, the
federal government agreed to the county s request, a]though it.:
had already requested the oil companies on December 29, 1966, to
fnform the Interior Department -of %he areas in_ the Santa Barbara
“Channel in wh1ch the companies would be 1nterested in exp]orlng
and drilling.* - >

“Late in January, 1967, the Department of the Interigr- 1nformed

. the county that the locat1ons of proposed federal lease sit
would not be made available to the county until the bids weq{l
actually called for. «The county had requestedethe informati
sbecause it was feared that a proliferation of federal lease
offshore of the sanctuary would endanger the ex1stence of that
sanctuary .

"The County Board of Supervisors subsequent]y requested the
Interior Department to extend theasanctuary seaward to Santa
Cruz Island, and asked for a one-y€ar moratorium on the granting
of leases. J Cordell Moore; Assistant Secretary of the Interior
for Mineral Resources, stated with respect to the county's
requests, that oil compan1es@had spent several hundred million
dollars exploring for o0il potentialities in the channel and they
. would 'probably raise a lTot of flack' if the county requests for
a delay were granted. Heggeminded the county officials that the
0il companies 'can bring a lot of pressur® to bear on Congress. '

"In Septembéer of 1967, the Interior Department proposed the
establishment of a two-mile wide buffer zone seaward of the State
sanctuary within which no leaSes would be granted by the federal
government. The county requested a delay in the granting of the
. ]eases in 1967, aiid a degision was-to be made by October 15. Any
comments from the county would have to be made before that date.
On the 28th of“September, however, Secretary of the Interior
Udall agreed to the county s request for a delay to study the
proposed ]eases and granted a 60-day moratorium on the bid call,
a]though the county had requested a six-month delay in which to
:prepare its report

"Ihe colinty report was completed on November 20 by County 0i1 .
Well Inspector David K. Bickmore, and it was decided to send &
delegation from the county to Wash1ngton, to present the report
to the Interior Department. e ‘

L]

"Also “on the 20th, the U.S. Army Corps of Engineers held a
hearing in Santa Barbara on the request of Phillips Petroleum
Company, the operator for the three-company combine which had

.
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leased the tract adjacent to the Standard platform off
Summerland, for & permit to erect a permanent platform (Platform

- Hogan) on its lease. .Although this was the first formal hearing

on any fgcet of oil operations, in the federal waters off Santa
Barbara, it was a relatively perfunctory one.- Colonel Norman
'Pherson, District Engineer for the‘porps of Eng1neers placed a
limitation on the scope .of the hearing, stating that the onl
concern of the Corps of "Engineers, and thus the only concern};
the hearing, was the navigational hazard posed by the erection/of
the platform. He stated, 'The lease itself is not the subject of
this’ hearing, and we are not here to discuss lTong-range
deve]opments"

v“Dona]d W. Sorgnas, Western Regiopal 0i1 and Gas Superv1sor of
the U.S. Geo]og1ca] Survey, stated at the hear1ng that 'it is of
critical 1mportance that there be no delay in the installation of
this platform.' He' stated that some 10,000 barrels (420,000
‘gal.) of crude oil per day was being w1thdrawn by the~Standard
operat1on on the State lease, and that some of this o0il could be
coming from -federal pools. Thus, the piatform should be erected
to prevent a possible drainage from - the federal lease. The
permit was granted on January 10. It is interesting to note
that, even as the hearing was in progress, some 50 days before
the perm1t was even granted Phillips was towing the platform into
pos1t1on, apparently sure in the knowledge that the permit would
in fact be granted.

"On February 6, 1968, the Inter1or Department opened the Santa
Barbara channe] to b1ds from the oil companies. By the end of
the bidding period, bids totaling $603,204,284 had been offered
and accepted The two-mile wide buffer zone had been withheld

. from the leased area. In addition, three bids offered for blocks

adjacent. to the buffer zone were reJected and these b]ocks were
added to the zone.

"On May 23, 1968, Union 0i1 Company, operator of a lease fg}
combine of Gulf, Texaco, Union and Mobil, requested a permft to
erect a permanent platform on Lease 402, just off the buffer

. zone. The Corps of Eng1neers refused a request to hold public

hearings on Union's application to erect Platform 'A' on the

" grounds that the Corps could not concerp itself with matters

perta1n1ng to conservation and aesthet1cs ‘The Corps held its
jurisdiction to be .limited only to the determination of
nav1gat1ona1 hazards, and the proposed .platform,did not, in the
.Corps' opinion, .present such a hazard

"On September 154#1968, P]atfor‘m 'A' was installed on “the Union
lease. A second platform, Platform ‘B', was installed shortly
afterward, and also in September, Union sought a permit to erect
a third p]atform ‘C', on ParceT 402. -

£ e
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"Agreements had been reached between the county and the Interior
Department pertaining to the aestheétics of the channel, which
included camouflage of offshore platforms by paint and 'Fail-
Safe devices' on the platforms to prevent spillage, étc.'“‘

Despite the spillage safegudﬁﬁ?ﬁ 0il began to spill into the

channel January 28, 1969. Shortly before noon that day, drillers
on Union 0il Company's Platform “A," located six miles off the

coast of Santa Barbara, were withdrawing the drilling bit from
Well A-21 when drilling mud began flowing from the top, of the

drill pipe. After the mud stopped flowing, a noxiols hydrocarbon
mist poured from the open pipe and engulfed the drilling rig.

Efforts to connect blowout preventers to the'top of the pipe were
unsuccessful because of the difficult working conditions.

After twelve to thirteen minutes of unsuccessful efforts to con-
t}o] the flow of mud, gas, and hydrocarbon mist from the pips,
the order“was given to drop the drillpipe into the bottom of the
well and to close the blind rams at the top of the well. This
maneuver halted the flow of material from the top of the
drillpipe. However, gas and oil were seen rising to the surface
of the sea at this time about 800 feet from the platform.

The well was not®controlled until February 8, 1969, after a
minimum of 200,000 gallons of heavy crude oil had spilléd ‘into
the Santa Barbara Chanpel covering an estimated area of 600 to
800 square miles. Even after the well was controlled, oil
continued to seep from the ocean floor at an umofficial rate of
1,000 gallons per day. General Research Corporation of Santa
Barbara, using mathematical formulas based on the thickness of

- 01l on seawater, estimated that the flow of oil was as heavy as '
210,000 gallons per day the first twelve days ‘after the spill,

and 8,000 gallons per day after the well was contro]]qd. 7

Despite,the risk involved, the U.S. Department of the Interior,
relying upon ihformation gathered by the oil companies and the
U.S. Geological Survey, leased the federal territory for the

purpose of oil drilling. According to Or. Barrow, President of
Humble 0i1 Company, the decision to drill for oil in the Channel
was largely based on economic factors? Total energy demand was
considered as .the'sum of three major sectors ~-- transportation,
residential-commercial and industrial. Despite conservation

measures, the growth in demand for energy was forecasted ﬁo-Qe
4.2 percent per year during the foreseeable future.. He noted

that nuclear power, hydro power, coal, gas'and oil would be_ used-

to meet this demand. Or. Barrow reasoned that petroleum must
account for most -of the increased supply to meet the demand
because of the nuclear delays, clean air problems with coal, and
shortage of natural gas. Moreover, to minimize the U.S.
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dependence on foreign®oil sources, Or. Barrow concluded that
offshore oil sources should be developed. Thus, he viewed the
‘benefits as outweighing the costs of such production.

In"addition to the economic argument for developing the oil
sreserves in the Santa Barbara Channel, numerous historical
.arguments to justify and to oppose drilling in the Channel had
beén made. In Qil Pollution and the Public Interest: A Study of
the Santa Barbara 011 Spill, A.E. Keir Nash, Dean E. Mann, and
Phi17G. OTsen explained the historical arguments summarized
below, made by proponents and opponents of offshore oil
drilling: N

The proponents of Channel oil drilling argued that
Santa Barbarans. had historically benefited from
Channel oil. 1In 1776, a Spanish missionary noted that
tar was washed-up onto the shore and used by Indians to
bind their woven baskets. Later, Spanish explorers
used it td caulk leaky skips. During the latter half
of the nineteenth century, a few Santa Barbara
citizens sold the natural asphalt to make sidewalks
and streets. By 1901, 350 small wells had been
drilled. No one objected to the drilling or to the
fact that the wells were not capped when abandoned in
the 1920s. Thus, proponents argted that Santa °

“$Barbarans had historically benefited from the oil, and
-that arguments. for "vested aesthetic rights" had

, 1ittle foundation.

~ Opponents of Channel oil drilling argued that during
the middle third of the twentieth century the
socioeconomic structure of Santa Barbara changgd from
"a predominantly agricultural economy to an amenity-
oriented economy in which aesthetic conditions became
vital. As evidence of this change, opponents cited
numerous historical events: the earthquake of 1925,
which resulted in concern for environmental quality,
(the Communify Arts Association was established’ then
to provide free architectural advice to owners of -
demolished businesses who agreed to rebuild in
graceful Spanish style); the enactment of city
ordinances restricting advertising signs ‘' and'
controlling development; development of 1ight industry
which did not threaten established retirement and .
resort sectors; and the division of economic interests
between the coastal region south of the California
Coastal Range and the northern or inland countygwhich
became committed ‘to growth in agriculture, mining,
"manufacturing and missile bases. Thus, critics argued,
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¢« that the decision to drill for oil.in the Channe] did -
not adequately take into account the interests of
Sansa Barbarans living and owning bus1nesses near' the-
coast. -

b. Project Analysis o o . IR

Numerous challenges with offshore o0il dr1111ng in the Santa*
Barbara Channel have been identified, and are summarized
and categorized below according to the "fields of

u
understanding. o . . ' v

4
&

(1) Physical Science

The severity of the spill was 1arge1y£ result of the
. local geology of the ocean floor. After the blowout-
-~ preventers were activated, oil and gas from lower-

N level high=pressure petroleum-bearing strata iwas
unable to find relief at the closed-off well head. J0il
and gas. thus escaped from the uncased hole part-Ray
down, and flowed upward through highly porous sand and
fractured rock-lying just below the ocean bottom. *

4/ From ‘there, it bubbled to the surface of the Channel
. waters. (See Figuré 1.} -

B kZ) Engineering Science . ‘ . '

At the time of the oil spill, 3-3/8-inch conductor

casing extended from the dr1111ng platform to,a feint

238 feet below the ocean floor. No other cas1ng was

set, OQuter Continental Shelf Orders, issued by the

Department of: the Interior, required _a minimum of 300

feet of conductor casing which totaled 25 percent: of

well depths to 7,000 feet. Both of these requirements

) had been waived by the USGS Regional Supervxsor USGS .

¢ spokesmen have argued that sound eng1neer1ng practice

: dictated the casing. variance on Union's well, .
However, Union.subsequently stated thatathe spitl - PR
.could have been prevented if sufficient casing had
been used.

(3) Desagn « . -

.Clean-up measures had not been adequately tested prior
to the spill. Additionally, the adequacy of design of
equipment and ocean floor drilling techniques had been
questioned, particularly the design of equipment to
seal a blowout or capture an dil spill.

i
'

209,
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(4) Ethic

~ . L) }r\
According to Nash, Mann and Olsen, a former member of
the Platform "A" drilling crew charged Union's
drilling contractor with ignoring safe drilling and
extraction practices. The charges have not been

proven or successfully refuted in court.

The casing variance granted Union 011 by the Federal
. Government also raises ethical questions.

(5) Management

As a result of regulatory jurisdictional conflict
among government agencies, no systematic approach was
developed to protect the ecology of the Santa Barbara
Channel.

(6) Economics

-/

The 0i1 spill resulted in numerous costs resulting
from damage to the fishing industry; damage to boats
and the boating business; 3 decline in restaurant
patronage; decline in volume of sales and values of
beach-front property; damage to seawalls, fences,

gardens, and residences.

Channel drilling was viewed by many federal officials
as a desirable alternative to greater reliance on
foreign imports. However, many critics argued that
only the o0il depletion allowance, import taxes and
quota systems made a highsrisk area 1ike Santa Barbara
an attractive alternative, given existing technology.

. y 2 L .

(7) ", Law :

Numerous civil and criminal Taw suits were filed in
conjunction with the spill. The €ivil suits involved
Tiabitity questions and the criminal suits sought the
abatement, of a ,public nuisance. According to the
study conducted by Nash, Mann, and Olsen, - the
California courts wege more likely than the federal -
courts to rule in.’favor of the Santa Barbara

. residents. Questions.of jurisdiction ‘were raised, ¢
including original jurisdictiop -#fd/or .exclusive ¢
Jurisdiction of the Federal Distric¢t Court in suits
arising out of offshore leasing, and whether ‘this

- barred all concurrent exerCise of jurisdiction by the .
State courts even after the damage has reached
property on California shores. :




'
The .applicability of Tliability doctrines was also
confusing. According to one doctrine, injuries exist
for which there are’ no legal remed1es A ‘second
doctrine states that when engaged in "ultrahazardous"
activity, one must use his property in a manner not
“"hazardous to others so that even in the absence of
negligence, a defendant could haye to pay for damages
suffered by a plaintiff.. And a third doctrine refers
. to a balancing of the interests at stake. For example,
if the plaintiff's grievance concerned mere personal’
convenience and the defendant's activity was necbssary
.for the public welfare, the defendant would not be
liable for damages suffered by the plaintiff.

(8) Political Science

o
Numerous political developments affected the offshore

~0il drilling project at Santa Barbara. Some of the
more important developments are summarized below.

In September of 1967, the Santa Barbara-County Board
- of Supervisors obtained a- sixty- day drilling
__moratorium;. a federal "no drilling". ‘buffer zone
extending two miles out from the Caﬁ1forn1a three-mile
limit; and assurances that the platforms: would be

: camouf]aged by paint and made as pleasing to the eye as
possible. * Wjthin a month -after the spill, an
estimated 70% of the adult southcoast popu]at1on had
signed the "GOO" petitions to "Get 0il Out" and
demanded a complete cessation of channel o0il
development. This show of support for elimination of
channel qil drilling encouraged Senator Alan Cranston
and Congressman 01in Teague to introduce numerous
cong?ess1ona] bills to regulate and even eliminate

drilli g- in the channel. Stringent. - federal
regulations were enacted after the sp111 However,
they did not address the "aesthetic affront" to Santa
Barbara's scenery and.the detriment‘to its capacity to
attract tour15ts and retired persons. .
A November ]968 referendum on & proposal to permit
Humble 0il Company to construct an, onshore oil
processing plant overturned the’ Board of Supervisors'
decision to permit such a facility by a vote of 44,290
to 41,404, . N .

In June of 1969, a h1gh Jevel commission appointed by
Presidept N1xon s. scientific advisoy, Dr. Lee Du
Bridge/ recommended an accelerated.program of well

s
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drilling to reduce- the undérgbounﬂfﬁ}eSSure that was

forcing oil to the suiface of the ocean floor.

(9) Life Sciences \ “*

The spill damaged the channells ecological systef. -

Birds, sea lions, and even whales were killed. Tidal

pools and beaches were covered with oil. TIhe barnacle

population and surf grass were destroyed. S ‘
- . '

Union 0il1's use of a water-and-sand mixture, puniped
under high pressure to clean0il covered rocks,
eliminated a large. number of crabs, algae, limpets,
and snails. The oi] dispersants used by .Union 0i] were
highly toxjc. ; - )
Some scientists were distressed -by the possible
effects which a very thin, micromillimeter film of oil
. spread across the oceans of the world might have upon
the earth's refraction index. Others were concerned
about the affect of such a film on the water cycle:
Such a film, they said, could decrease the evaporation
of water, hence rainfall.
4

(10) Humanities

: The residents of Santa Barbara viewed the 011 rigs ‘as
an aesthetic affront, and the spill as a further
assau]‘t on the scenerywf the:channel. -

s

[4

.

Summary ‘ o

Since engineers are usually in control, .and makepsome of ‘the
major decisions ‘in engineering projects, should they at

least. have an awareness of all of the-parameters of concebn
in such projects? What level of ‘understanding is necessary
for the safe conduct of major engineering projects su¢h as

°

v

-

‘ ”- ] .
A much greater -4ndepth analysis “is Jequired to determine

‘cause and effect relationships. between actjons. taken or

omissions which resulted in the Santa Barbara disaster..
The analysis presented here is similar to “Monday- morning
quarterbacking," i.e., looking at an Bvent after the fact
and trying to extrapolate in a reward direction.
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NQTE: Figure A shows the casing ’pr‘bgraﬁf in Union's Well A-21 a

" .a full 300°

conductor casing and approximately 870' of surface

approved by g:e federalf government. The federal requirements for
f
wn in Figure B, were waived. ‘Note that oil might

casind, as s

have been prevented from escaping to the surface if a second string"

of surface casing had been installed in,A-21. The sketches are
diagrammatic. Actual geology and fault- fracture patterns are much -
more complex than shown. Co &
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011 Poﬂuéwn and the Public Interest ’A Stud of the Santa Barbara.
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2. THE BAY AREA Rafld TRANSIT SYSTEM - TRANSPORTATION

For many years, rapid mass transit has been portrayed as that
ideal of the future where technology will effortlessly cater to
mankind's every need. Just how successfully technology will
fulfill the dictates o the future was tested by the.massive,
engineering proj which created the Bay Area Rapid Transit
(BART) system, a system developed in response to a demand to.
provide San Francisco, Oakland, and the surrounding urban areds
in the San Francisco Bay Area of California with a safe, °
reliable, inexpensive means of commuter conveyance. ‘

The breadth of this engineéring projett was so great that it
deaT™ with ‘all aspects of the transportation subject.
Feasibility studies, 'dating back to 1951, were examined to
determine the underlying nontechnical aspects of the project
and to analyze their effect on the technical aspects. The
actual construction of the system was also reviewed, with

" emphasis on the deficiencies found within the project and their
relationship to the "fields of understanding."

a. Background ¥ .

Most™of the following htstorical material was taken from a
paper prepared by Norman Kennedy, Associate Director of the
Institute of Transportation -and Traffic Engineering. 1In
"San Francisco Bay Area Rapid_Transit: Promises, Problems,
Prospects," Mr. Kennedy traced the history of BART from its
creation in 1949, presenting the arguments for and against
the system; describing some of the major problems
confronted and solved by BART during the construction
period; and appraising its role in the total transportation
system .of the Bay Area. Other sources of information are
included in the bibliography found in Section VIII. °

i

In 1949, 'the California State Legislature established the
Bay Area Rapid Transit Qistrict,-but no action was taken in
the following two years to establish the distiict as an
active agency. However, newspapers carried articles
throughout 1950 concerning the need for an educational
campaign in behalf of a rapid transit system.

During the 1951 1legislative session, the 1949 Act was
amended to create a BART Commission to study and
investigate the rapid transit problems of the 'San Erancisco
Bay 'Area. In July 1952, the Commission engaged consulting
engineers to assist in its study. The consulting firm

- submitted its report in Decenber, concluding that, "a
unified rapid transit system. . .is necessary if the

-
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ultimate potential of the region is to be realized."

(Kennedy, p.. 2) The firm recommended that the Commission

prepare a long-range regional development plan, undertake

origin and destination studies of interurban passengers,

study the general economic and physical functions of

., private and mass transportation,. prepare an #verall
qﬂ) regional transit plan, prepareg preliminary plans, and make
a financial analysis of the flPSt stage of construct1on
- Re1y1ng on the report, the Commission asked. for an

' appropriation of $400,000 from the\State Legistature and an

' additional $350,000 from the nine Bay Area counties. *The

Commission stated, "The increas1ng seriousness of the

traffic congestion and the increasing heavy toll that is

: being taken in lives, property damdge, and in adverse
. efifect on the economy of the area demand that prompt action
be taken now to arrive at a definite solution to the probiem

of moving people safely and conveniently through adequate
transportation fac111t1es " (Kennedy p. 2) J

Although consulting erigineers aAd the Commission did not
. ‘'specifically state that a rail system‘Was required, a 3
§riter fqr the San Francisco Chronicle concluded that,
32 "Steel rails and rubber tires, coordinated to form a -
‘- regional rapid transit system, are the key to orderly,
prosperous growth of the nine-county San Francisco Bay
Area " (Kennedy, p. 2) - -

In response to the funding request, the Leg1s1ature granted
to the Commission $400 QQ9 in 1953 to match the $350,000
A expected from the nine counties. In August of 1953, the
: Commission announced its sélection of the New York
engineering firm, Parsons, Brinckerhoff, Hall, and
. MacDonald (PBHM) to conduct a study of rapid transit
possibilities for the Bay Area.

The PBHM report was off1c1a11y submitted to the Commission

and was released to the public on January 5, 1956. 'The
. report's summary of major findings, conc]usions and

recommendations began with:

- %
"!'The San Francisco Bay Area Rapid Transit Commission in
« initiating this survey set.forth for investigation these

~ basic questioné»—x

4f 1. Is an interurban rapid transit system needed for the
' { Bay Area? . . &3
_”l5 .
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depend on the reinvigoration of .interurban transit."

»

\

. ) \
2. If so, what areas should rapid t%ansit serve and along

what routes should it be constructh? v
3. What type of rapid transit faci]j@y would best meet

the Bay Area's needs? 4 . .
4. Is the cost justified?'" (Kennedy, p. 4) “ ¢ :

In response to the first question, PBHM wrote, "We, on our
part, are convinced that the prosperitysof the entire Bay
Area will depend upon the preservation ahd enhancement of
its urban centers and subcenters. Sustaining these as

concentrations of .employment, commerce, and culture will.

(Kennedy, P. 4) A "main line" system comprising 123 miles
was recommended in answer to the second question. The firm 4 )
concluded that a "supported train" system, including the
application of" rubber tires, was the most de§irab1e
alternative for the Bay Area. According to Kennedy, the p
advantages of such a system were never discussed in detail.

They weré referred to only in general terms as possible time
savings to travelers, safety and the effect on business and ! .
commerce. - In describing the report's justification for the - .
proposed system, Kennedy quoted the -fé1lowing statement , ] '
found in the report: "We do not doubt that the Bay Area ) )

citizens can afford rapid transit; we question seriously .

whether they can afford not to Rave it." (Kennedy, p. .4) e

The PBHM report was .accepted favorably by everyone
according to newspaper accounts :at the time. Kennedy
summarized the public's reaction to the proposed system hy
quoting an editorial found in,the 3an Francisco Chronicle .
of April 15, 1956: Yo :

LA 4
"A panel of selected speakers, engineers, plangers,
redevelopment consultapts, economists, legislators--talked
to a daylong conference of sdme 200 civic leaders ong day
last week about rapid transit. N

"They agreéd that rapid transit is, beyond dispute, the .
most important single ‘problem facing the Bay Area--that the - )
Jfuture well-being of this nine-county metropolitan area, an

economic as well as-a geographiic unit, is bound“up in the

free and easy movement of people and goods. .

"Despite’ the: importance and urgency of the problem, despite:
that its engineering and financial dspects ,have been

expertly engineered and researched and reported upon and
widely publicized, the conference indicated that there is -

~
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profound and gengeral public igﬁbrancé”353nt rapid transit-- -
what it is, what it will accomptish, who will pay for it,
and how, why its cost is so richly justified. It appears,
said one speaker, that we have been ta]giﬁg to ourselves..

"Whereupen other speakers brop;:sied with considerable '
head-shaking that unless the public is educated, unless it. .
is made aware of the findings of engineers andeconomists, - :
unless it is made to want rapid transit badly and want it ‘
now, the exhaustive reports on which the State and the nine
counties have just spent $750,00¢ will collect dust and
accomplish nothing more." (Kennedy, pp. 6, 7)
A . g

According to Kennedy, the Chronicle declared its intention

to do its part to educate.the public to the need for rapid
transit. Kennedy adds, "The other major newspapers joined

in the 'educational campaign' as civic-and political

leaders carried the matter to the State Legislature for .
appropriate legislativq action to create a public agency - . - ‘
and provide it with a supply of monéy." (Kennedy, p. 7) : N =

This concerted marketing effort was successful. The,Bay
Arég Rapid Transit was granted the powers considered- .
necessayy to enable it to finance, construct, and operate a ’
modern rapid transit syStem within its boundaries by the

State Legislature in 1957. After much -political - —
maneuvering (see Kennedy for detailed information), the
number of counties inclu in the BART district was

reduced to.three and BART's major capital financing plan”

. was approved by the district voters. The bond .issue -

included a $792 million general obligation issue for - ¢
construction of the basic system exclusive of the tirans-bay

tube’and its approaches, and the required ro]ﬁing stock. e N

One week after the.successful bond election, the BART Board .
announced its intention to continue employing the joint
venture of Parsons, Brinckerhoff, Quade, and Douglas; -Tudor'
Engineering; and}Bechtel Corporation to design and .
supérvise construction of the 75-mile system. . : -

After the .dismissal- of allegd¥ions made in an injunction
suit brought by a number of engireers cH%?ging that the i
engineering contract was a "give away ggggram,“ and further ' -
_political maneuvering and planning, -eventually construction ’

of the BART system began. The tfans-bay .tube and related

approaches were to be constructed through revenues provided

by the State of California which derived these revenues l .
from tolls. associated with the’operation of several Bay

bridges. In addition, the district was authorized to s

TR
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impose a one-half cent sales tax in the three BART counties
in order to support a $150 million bond issue which was .
found to be required to cémplete the 75-mile system. Also, -
the federal government under grant contracts to the
district provided financial assistance for research,
beautification, certain construction projects and transit
vehicle procurement. The rolling stock was acquired as the
result of another allocation by the Legislature. The
nonconstruction portion of the district's program has to be
paid for by property tax assessment in the three. county
district funds made available by gasoline sales tax and
operating revenues. ) ‘ .

During the construction phase, much attention was given to
other nontechnical aspects of the BART system. Numerous
painters and even a mosaicist were hired to make the BART
system look attractive. Two different kinds of transit
cars ‘'were designed, substantially increasing production and
operation costs, to give the trains a modern streamlined
appearance._ In addition, numerous studies were conducted
to determine rapid transit's impact on social mobility and
the corresponding consequences. For example, many urban
affairs experts concluded that transit systems such as BART
couTd be' used to overcome the physical and social '~
immobility often found in ghettos.. .

Mr. Kennedy's research and numerous other articles and g
studies indicate that the justification for BART was

primarily based” on ecopomics and nontangible cultural —
considerations. The news media, employing communication

arts, playedan important role in selling the project to the -

public. ,The scope of the project was eventually determined

by political "and economic considerations. - Consequently, <;\\'
many of the technical decisions were¥largely determined by
nontechnigal considerations.

Project Analysis » . .

Man;\ technical and 'nontechnical considerations were

involved in the design, development, construction, 4
-maintenance, and operation of a rapid transit system such “

as BART. Many decisions made in response to nontechnical

demands resulted- in significant developmental,

constructional and operational costs and system

deficiencies..  These increased «costs and system

deficiencies were identified in a report prepared by the
Legi;ﬁativg}ﬁnqust of the California State Legislature.

The following section discusses these deficiencies which

were categorized and analyzed “according to.the "fields of -
understanding:" ] . s

" ' Ny
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Design . v,

The BART systém was designed to use an automatic train -

control, system (AIC) for speed, braking, acceleration,
and train spacing. Somé of the design deficiencies in
this system, identified by the Ca]wforn1a State .
Leg1s]ature are summarized. below: |

To m1n1mlze the prob]ems of signal cross talk from
adjacent track sect1ons Westinghouse selected a power
level that was cons1derab]y below that utilized in
conventional tragk circuits for train detection
purposes. The voltage and current was not sufficient
to break through the thin layer of rust and dirt film’
existing between the train wheels and:the track to
provide for reliable protect1on of a train that was
stopped on the track or in some sections of the track
crossovers. Under these conditions, e train
protection circuits in the local station AIC equipment

did not take required corrective action to slow other ;

trains on the track in order to avoid a-potential
collision. .

It was reported during the ]egfs]ative investigation .

that the BART ATC system was designed- for dry rail
conditions and that no-detectors had been installed to
automatically reduce train speed under adverse rail
conditions. It was noted that BART could encounter
wet rail conditions at grade level and elevated track
sections ‘and could possibly encounter ice-conditions
on the Orinda grade. .
Within the car- borse ATC equ1pment, speed control and
program braking circuitsincorporated speed control
crystal oscillators which could generate erroneous
speed commands the car traction motors. In the
event .that an _ erroneous speed command called for
increased- speed bove that designated for a particular
speed zone, a fail-safe stop would not occur..
According to a'written modes-of-failure ana]ysis
prepared by the Battelle Memorial Institute in
September 1971, the speed control circuits as designed
by Westinghouse made no provision for fail-safe
braking in the. event that one of the crystal
oscillators generated a speed command other than
required. Battelle inferred in its report that
crysta] oscillators could operate at a frequency mode
other ~ than .that intended without having a
manufacturing defect present. The report stated that

¢
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high quality quartz crystals have more than one
possible mode of vibration in signal output, based
upon physical dimensions, therma] effects, aging, and
crystalographic orientation of the crystal.

Several problems with the transit cars were identified
by the legislative investigation. There were
inadequate -hand holds in areas six to eight feet on

either side of- the entrance doors.and at the front and -

rear of the transif cars. Gaps between the station

platforms and trains were observed. This.problem " °

presented a very serious hazard to boarding passengers

"+ because the doors are open for only 20 seconds upder

- 2y .
'4
¢ [}
L 4
¥
(2)
% L4
~
'F ’
@
L ’
5

L A

normal schedule operations and are .Closed

automatically by the train control system, There were.

several incidents of children catching their feet
sideways in this gap during pre-revenue tours. and"
revenue service. In addition, unexpected large

volumes of passengers resulted in broken air springs

beneath the cars and even wider platform gaps. Also,
the ddequacy of_-the. structural, safety of the
lightweight BART transit were questioned after a
Chicago accident where new lightweight transit cars

incurred unexpected structural damage at a reported
. impact speed of 30 miles per hour. - .

Examination of the-Fremont track éxtension.during the

legislative investigation revealed that the track run*-

out area extended only forty feet beyond -the station
platform before the start of the sand barrier. This
terminal track extension represented only one-half of
a car length which was inadequate to complete the

emergency braking of.trains to be scheduled through
the Fremont station. BART was unable to present any
evidence to the State Legislature of having engineered
the sand ‘pile barrier with .adequate safety factors

which should have been included within shock absorbing

and restraining structures at:all track terminal
points. . o

IS

Communication Arts

M

During the investigation, BART was in the process of
preparing a manual of operating -procedures. The
procedures were being presented in narrative form
rather than in a form allowing for quick reference.
The manual also contained procedures ‘for train
operators, * yard personnel, shop personnel, and
maintenance personnel. TIhe Legislature recommended

A280
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that the procedures for each job category be split
] into individdal manuals and would be most effective
. « written in brief, easy-to-refer-to-check list formats.
It was further recommended that the manual be reduced
to pocket size and be designed to permit quick
revision with insert pages.

Technjcal problems within the automatic train control

system, which were critically related to train

protection and passenger safety, were communicated to
- the safety éngineers in general terms, if at all..

(3) Ethics . - /‘ .

b Numerous ethical ques&1ons involving conf]lctlng
considerations and value 3udgments were raised in the
discussion of BARI. ‘“According to the California
Society for -Professional Engineers (CSPE), three
engineers working for the BART ATC section identified

- design deficiencies in the AIC system. They notified
the BART mandgement of the problems and asked that
action be taken to correct them. When the BART
management did not take corrective action, the
engineers went to the BART Board of Directors. They
were subsequently dismissed from their jobs by the

, BART management.

. a . One of the engineers was a member of CSPE and contacted
. ' ‘ the society for .assistance.” The society was
- unsuccessful in its attempt to determine the cause for
dismissal, but conducted interviews to determine the
merits of the englneers claims. As a result of these
interviews, the society circulated a-public petition
calling for a legislative investigation of the BART
system with- emphasis on the safety and cost aspects
The pet1t1on was successful. .

The ,three dlsmlssed englneers suffered financial and
personal hardship and subsequently filed suit against
- BARL. The CSPE and the IEEE prepared briefs
concernlng the ethical questlons involved. A formal
amicus curiae was filed in behalf of the three
« engineers by the IEEE. The amicus curiae focused upon
the engineers.! responsibility to protect public safety
above all other considerations. The,case was settled

S 4 " © out of court. Thus, the legal/ethical issues involved -
. did not, according to CSPE, become a matter of public¥
record.
¥
S ? -
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The primary issue was the adequacy of the automatic
train control system. BART and PBTB took a public
position that all cars in revenue servicé had been
subjected to formal. qualification and acceptance
testing of the speedjcontrol circuits. A1l evidence
available to the Legislature indjcated that the speed
control circuits on all transit cars that were
currently “in revenue service did not possess required
fail-safe features and had not been adequately
qualified for reasonable assurance of passenger
safety. ’ -

PBTB indicated that operational testing of the speed
control and bréaking circuits had been completed for
all local station ATC equipment on the Fremont line -
prior to the starting of revenue service. A review of
the testing documentation by the Legislative Analyst
Office revealed extensive deficiencies in the test
data sheets. In addition, documentation evidencing
completion of safety tests which were essential to
pre-revenue qualification of the local station ATC
equipment had not been completed, reviewed and
approved by responsible offcials of PBIB, BART or PUC
in order to establish the required certification of
these critical circuits. According to the state
legislative report, pre-revenue qualification and
acceptance testing of the ATC system placed in revenue .
service on the Oakland to Eremont line was not
completed and adequately documented fors car-borne#
local station and central control center ATC
equipment. Many compromises were made to place

- transit cars in revenue service on September 171°, 1972.

The legislative investigation found that the PUC
created a false sense of security by issuing an order
it could not implement. General Order 127, stated,
that all plans and specifications for the BART AIC
system had to be reviewed and approved by PUC prior to
construction and installation. Following completion,
of construction, inspection of this system by a
representative of PUC was required prior to receiving
written approval for operation of .the completed
systems. .The General Order also required that all
features of the ATC system possess fail safety and
that all trains should be detected continuously with
separation between trainé not less than the maximum
stopping distance of the following train. In
addition, route selection was to be provided for the
alignment and locking of the protected routes wherever
trains may diverge, converge, cross or conflict in any
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way. Also, the train protection was supposed to
insure that speeds of trains.never exceeded a safe
distance profile over the entire system. The State
Legislature concluded that PUC did not have the
technically qualified personnel necessary to carry out
v , the prOV1s1ons of this order ‘
(
. On October'2, 1972, a BARI train traveling southbound °
- . ' . from the Un1on C1ty station ran past tfe Fremont
. ) station p]atform into the sand barrier at the end of
the track, injuring four passengers and the operator,
M .and damag1ﬁg several transit cars. BART's contention
: that in the Eremont-accident the emergency braking
system was operative and had slowed the train down to . -3
approximately. 26 miles per. hour before the train
impacted the sand barrier, contradicted.the testimony
9 of the train operator and other accident witnesses who
offered sworn testimony to the BARI and PUC inquiry
boards that the train was traveling 40 to 50 miles per
hour. - According to the legislative 1nvest1gat1on the
approximation of 26 miles per._hour was:based upon an
erroneous resistance’factor and a resultant erroneous
determination of kinetic "energy for the Fremont .
accident. In addition, BARI calculations made no ¥
-allowance for a considerable ‘amount of energy absorbed .
by a wood retainer wall and pilings which were sheared -~ , ®
off by the train, several Iarge equ1pment boxes - .
wrenched from under one of the cars, and distortions
of the underbody frame members. These factors
combined to indicate that the train may have been .
traveling at a rate of"speed at impact which was closer
to the speed reported in sworn testimony.
. \\\
(4) Management —

y

In the Legislative . Andlyst's report, numerous

s management dgficiencies were discussed. In summation,
BART managem@#t circumvented the mandatory requirement
of Section 28990 of ‘the Public Utilities Code
requiring competitive bidding: for all procurement

- " coptracts in excess of $3,000.

In awarding the contract, BARI accepted the proposal ‘ <
of the lowest bidder without -requiring prior
demonstration of the proposed system before giving the
go-ahead for final design and installation. The
competitive bid, with which Westinghouse won the AIC
contract, was based upon ‘a system design which was
totally different from the design which it subjected
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, o +to test at the Diablo Test Track. The Westinghouse
o ‘design deviated sighificantly from the proven designs
' of General Ratlway Signa{l Company arid Westinghouse Air —
Brake Campany. Prior to the award of the contrack to
Westinghouse, representatives of the Public Utilities
Commission stated orally and in written communications
to BART management that the past experience of the
potential biddeg¢s in building "automatic train. _
protection, track: circuits, and signaling equipment
- should beagiven priority consideration in.conjunction
with'evaluation of quoted bid prices.

L

In the opinion of the State Legislature, the cJ?%-ﬁ]us
retainer agreement between BARI and PBIB was.
disadvantageous to BART because it established
ipadequate controls over charges for reimbursable

- costs, overhead costs and prefit. Although agreed

upon’ budget controls may/have served to provide some
restraint over expendifures, the basic agreement

¢ offered no incentives tp control excessive costs. A

) cost-plus fixed fee agrdement with possible increases

3 for enlarged scope, Tegotiated on an annual basis, .,
would have been more\advdhtageous. !

The same unit in \th \erganization had the
responsibility for both purchasing and receiving. Th&y{
.« legislature concluded that, "This practice is not
‘ - consistent with maintaiping sound internal centrols
" which should provide fo

the separation of purchase

g' g order placement and receiving functions." —
In awarding the contracti for transit vehicles, BART
. based its decision on thg& low bid Rohr Corporation W

submitted for the basic order of the first 250 cars.
_ > The propriety of this decision was ‘questioned by the
A ' Legislature because BARI.needed more than 250 cars to
. operate the 75 mile system. The bid submitted by
Pullman was actually the lowest total bid for 350
-cars. '
\ w .
In evaluating the bids for the basic 250 .cars, BART
. applied a calculated efficiency adjustment to each bid-
. to allow for an estimate of car weight and electri
" power consumption made by the bidding company. If the
bidder's estimatés of weights and/or power consumption

« PR 3 were below a standard value, his bid was reduced prior
5 b to evajuation. If his estimates were above the
, . - standard value, his bid was increased; The validity

of this correction to actual power consumption was
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questioned by the LegisJature'because of doubt on the

part of eng1neers that 'this energy could be fully
utilized by other trains to produce a power savings "}
for BART. The Legislature concluded that, "This ’
procedure for adjustment provided an opportunity for

the bidders to make arbitrary weight and Power
consumption estimates to produce a low bid and then

delay any offsetting penalty unti] the completion of

the contract."

* The legislative review of accident, incident, and
discrepancy reports related to failures in he ATC
equipment revealed a lack of consistency
information presented and a variation in report forms

- used. Organizational policies establishing reporting
responsibilities, reporting distribugion, and follow-
up corrective action responsibilities were not
visible, Distribution of these reports varied making
analysis of the problems and systematic corrective
action very difficult.

»
»

“"The field notes of PUC engineers monitoring revenue
service also contained 1nd1cat1ons of accurrences where the
operator initiated emergency “braking because of possible
malfunctions ™ the ATC equipment. This would indicate
that the BART reporting system was failing to report and
document all incidents and discrepanc1es that occur in the \5
ATC system."**

The Legislature concluded that a condition of fragmented
responsibility and authority in matters involving safety existed
between the Operations Department and the. safety engineering
group of the Insurance Department. Effective working lines of .
communication and follow-up had hot been established between the
Operations Department and the Insurance DepartMent A review of
the then current activities of the BART safety engineering
organization revealed that the safety engineers were primarily
volved 1in housekeeping and safety problems within the station
- -and shop. facilities, parking lots, train ways, and the rear
™~ dreas: Attentig: to these safety matters was viewed as |
important; however, there was minimal involvement of safety ° - |
¥ *.

engineers with the critical safety aspects of train operations.

BART had not established capability in its organization to
trouble shoot, or maintain- and operate the comphex ATC
equipment. In order to provide the necessary technical support
,in the operational phrase, BART was forced to enter into a
professional services contract with Westinghouse. The"cost of
. this contract was forecast to be $400,000 for the first contract
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“Memonstrating a lack of ability to bring the system,_into
operation; it appeared that BART was taking an unwise™risk
depending upon Westinghouse to maintain the system."

“year. The Legislature concluded that, "Since Weétingq§:i§*was

In developing the San Francisco Bay tube design, BART apparently
did not document a comparative analysis of the original joint
design, the proposed mechanical sliding joint design, and other
available alternatives.! : —_ :
PBIB and BART committed themselves to'extensive rework of trans-
bay tube sections and fabrication of the new sliding joint
sections (to replace the rubber gasket design included in the
original plans) without making prior éstimates of the costsjof
this work and without obtaining contractor bids or estimates.
The work was started without approved ‘change orders, and
continued for several months before the BART Board of Directors
was notified of the work and informed of expected costs.

PBTB. developed the concept of the fare collection system and
subsequently issued specifications and drawings which indicated
the configuration of the mac:jnes/and how they were .to. be

interfaced within the individua] BART stations. In keeping with
the performance contract, IBM provided PBTB with design
information to adjust contracts for the™construction of BART
stations such that the fare collection equipment could be
accommodated by the structures in the station.™ According to the
Legislature's findings, PBIB failed to notify the:individual
contractors building the stations of these design changes.

~ Consequently, significant alteration of station interiors was
required. BART had to pay the cost of this remedial work,
estimated at $183,500, because both IBM and the individual
contractors performed according to the terms of their individual

* contracts. '

-

(5) Law . ‘ —
The Legislature concluded that, "The retainer agreement
(between BART and PBTB) was vague in establishing .
compensation standards -a required definitive
interpretations." .

Summary ~ Coy ’

Eﬁé BARL system is currently operational. The.cost of operating
the system and amortizing the “capital investment has been

determiried to be such that the system will always-require heavy
financial subsidy. The system is probably one of the most modern .
/40 the country, but the deficiencies have definitely reduced its

4
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attractiveness to the taxpayers. Additionally, the company that
Lo “~~<produced the rolling stock <is no.longer in that business, and the -

availability of equipment for the future is subject to question.
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3. DIABLO CANYON NUCLEAR POWER PLANT - ENERGY

The design, development and construction of a nuclear power plant
involves a multiplicity of complex, interrelated issues. For
example, the least expensive design may not be in accordance with
government regulations and public sentiment. In effect, many
engineers are in "responsible charge" of various aspects of such a
complex engineering project, and are required to make decisions
often involving trade-offs that accommodate the conflicting demands
of interest groups, public sentiment, and government regulations.
These demands involve Rumerous "fields of understanding."

. .. ‘ .
In the following sections, many of the issues confronting engineers
are discussed as they relate to the "fields of understanding."
Considerations involved inthe design and development of a specific
power plant (the Diablo Canyon site) are discussed, followed by a
more general discussion of those issues involved in the design,
development and construction of nuclear power plants.

The Diablo Canyon Power Plant, developed by Pacific Gas and Electric,
typifies a major engineering endeavor, i.e., a coast sited power
plant development. The project has been the subject of controversy
because of “its location near earthquakeé faults, and because of
potential efAvironmental interaction with coastal ecological systems.

a. Alternative Generation ~

The most widely publicized considerations leading to the
selection of nuclear-fueled power generation over other
“ alternatives were economic. In 1970, hydroelectric generation
constituted half of the power resources available to meet PG&E
area systems needs.t However, much of this hydroelectric
/ capacity is low capacity factor power which is generally used
during peak load periods. Requirements for the seventies are
primarily for base-load generation for which a nuclear plant is
well suited. This choice also conserves fossil fuel resources,
and avoids air pollution problems associated with fossil fuel
plants. . ‘

Site Selection

Political, economic, ;ﬁgu1atory, safety and 'ecological
consideration helped determine the selection of the Diablo
Canyon site. After extensive study, the site,was found to best
meet the needs of PG&E's electric customers on the one hand, and /)
the various public.and private interests in land use, ecological
values, ndtural resources and recreation ‘on the other. The
.search for a suitable site began in 1960, and by 1962, atténtion
centered on a site in the coastal dunes near Nipomo, 18 mites:

{
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southeast of the Diablo Canyon site. Although the site had been
zoned for heavy industry, groups interested in preserving the
Nipomo Dunes area for its ecological and recreational values
urged PG&E to seek another site. With the cooperation of the
State Resources Agency and the Sierra Club, the D1ablo Canyon
site was finally selected.

@

A]te#éative Cooling Systems

L}
» .

The shoreline'discharge system, part of the Diablo Plant's ocean
water cooling system, was se]gcted because of competing
ecological and construction considerations. Several alternative
systems were examined, including cooling towers and evaporative
cooling ponds. . :

Nuclear plants, such as. Diablo Canyon, operate with a thermal
efficiency of about 32 pefcent. About a third of the energy
released by the fission process is converted to electricity, the
rest must be dissipated as waste heat. At Diablo Canyon a "once-
through" cooling system using ocean water was selected. Water
pumped from Diablo Cove is circulated through the plant's
condensers and back down to the shoreline discharge stgucture.
In the process, the water temperature is raised about 18

‘Because of high additional costs and lack of envitonmental -

advantages, alternative discharge and cooling systems were not
justified. In cooling towers, evaporation of large quantities
of fresh water produces the cooling effect. This was seen,
however, as a poor use of a scarce resource. Salt water was
considered for use in the towers also, but environmental
pollution from salt emissions into the atmosphere was deemed too
serious. Another a]ternative, cooling ponds, would also avoid
raising the temperature in Diablo Cove, but would require
substantial land area and a water supp]y to compensate for large
evaporation losses. It was PG&E's belief that once-thrdtgh -
cooling, using ocean water, was the least expensive alternative
and would result in the hjghest power plant efficiency with

'minimal land use.

Biological Impact

B1o]og1ca1 effects were cons1dered and evaluated by a series of
studies in Diablo Cove and surround1ng waters. The primary
objettive was. to establish background conditions and the impact
of the thermal discharge on marine life. Due to its commercial
importance in the area, the abalone industry there was given
considerable attention. Although the coo]1ng water discharge
could create unfavorable thermal conditions in the Cove for some

species, other ‘species less sensitive to the warmer water would
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eventually replace them, resulting in a change 1in species
composition in the Cove, but a denser and richer association of
organisms.

Radioactive Discharges

~

Design, cost, legal and ecological considerations are primarily .
invoived in the control of radiocactive discharge. In the
operation of a nuclear power reactor, most of the radioactive
materials produced are contained within the fuel elements of the
reactor vessel. Small quantities of liquid and gaseous material
“are released from the plant by a strictly controlled process.
The design of the plant keeps these releases as low as practical
and also within AEC 1imits. Because not all of the radioactivity
generated is retained in the fuel rods) the power plant is
equipped with an extensive waste han ing system. Radiation
monitors and radiochemical analysis maintain surveillance over
releases from the waste disposal system.

Man can be exposed to radiation in two primary ways, externally,
from gaseous wastes, and internally, from ingestion of seafood
containing concentrated radioactive wastes. It was estimated
that radiation exposure to persons in the vicinity of the plant
would be 0.6 millirem per year. Tests also determined that in no
case ‘would "body burden" of any species group in Diablo Cove
exceed the permissible "body burden" for man. Because lower
forms of 1ife are less sensitive than man to radiation, it was
concluded that no hazard‘to marine ecology existed due to plant
operation. To wverify these Gonclusions, an extensive-
environmental monitoring progr was designed to, aid in
confirming the effectiveness of waste disposal “systems ‘and to
develop procedures for increased protection of the public from
the radioactive effluents of plant operation. :

Construction Effects

In building the units at Diablo Canyon, contractors focused
heir efforts -toward preservation of the area's ecological and
.aesthetic qualities. During construction, efforts were made to .
minimize adverse environmental effects associated with large
scale construction activity. Overall topographic, vegetative
and wildlife characteristics of the site were disturbed as
little as possible.

Road, warehouses, laydown areas and the construction camp were
planned to be as unobtrusive as possible. TKe access road from
the town of Avila Beach to the plant site was carefully routed to
accommodate any future potentidl land use and to consider the
-natural and scenic features. Cuts were kept to a minimum, and

"
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, forage were restored by a long-term landscaping program. :

a ,
grading was matched to natural contours. “Landscaping with

native plant materials minimized ecological, impact on local
flora and lessened erosion problems. '

PG&E cooperated with environmental pﬁesérVation groups to
minimize disturbance of the 1arge coastal qaks in Diablo Canyon.

,Although the ‘oaks were not unique or rare, the switchyards were
arranged at different levels to fit the topography and avoid

large oak stands. Where necessary, natural appearance and

*
El

.Special " criteria were used ‘for breafvater construction “to

prevent adverse environmental effects. Dirt and debris —
discharges were controlled to prevent objectionable .foaming.’
Beaches 1mpa1red during construction were restqred to their
original condition and protected against heavy ocean surf by
precast concrete tribars.

~To help restore the site after construction, persons

knowledgeable in restorat1on methods and familiar with native
flora tested soil 'stabilization methods developed a
comprehensivé program for vegetation supply and natural
1andscap1ng used on the site.

Aesthetlcs .
Aesthetic considerations greatly influenced the design of the
Diablo facility. -PG&E's philosophy was to have the architec

of the plant make a bold statement thats would compliment h
natural coastal sett1ng The plant was treated as an integral
part of its surro%nd1ng 4nd care was taken to unify.and contain
the various plant functions within as limited an area as
possible. . Earth colors were used on the structures to harmonize
with natural surroundings, while hatural concrete finish ‘was
matched to the texture of the sea,6 cliffs. Power plant
outbuildings were arranged to give proport1on and balance to the
setting. FEor instance, the horizontal turbine - generator
building, with narrow windows and rounded roof structure,
reflects the sloping hills nearby; the.reactor containment
building contrasts with a rounded vertical element.

Waste Disposal

v -

Complex and controversial jissues in the area of design,
political science, physical. sc1ence, systems management and
biological systems are involved in the management of nuclear-
waste. During reactor operation, most of the radioactive wastes
are contained in the fuel rods. As the fuel rods expend their
energy, they are periodically removed from the reactor and

o
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stored until such-time as they can be shipped to a reprocessing

‘plant to have the residual fuel separated from the waste

materials. Since the wastes consist of a multiplicity of
"created" elements which have their own radioactive
characteristics, management of them becomes a major design
consideration. Some of these wastes have a very short half-1i e,
however, some have a half-1ife of thousands of years (P]uteggum
239). At present, wastes are stored in cooling ponds at #h
individual. power plants for eventual shipment to a federal
depository. The ERDA plans to solidify these wastes and bury
them in stable geological formations such as salt mines.
However, it is a widespread opinion among scientists that waste

e

disposal will require a high degree of perfection, and social and-

geologic stability to avoid endangering subsequent generations.
The chance of premature waste release could pose a threat for
hundreds and even thousands of years. Engineers will be
challenged by the complexities of the disposal issue as methods
are brought into full use in 25-30 years.

,

¢

Safety of Operation. - ) .

In an engineering project the magnitude of a nuclear plant, Ehere
are many areas of concern in regard to safety of operation.
Consideration of biological systems, design, life sciences and

2+ - law are a few of the fields involved. Because the hazards of

nuclear plants are potentially large, all parts of the nuclear
fuels cycle must be examined for public risk.

Although the 1largest fraction of the radioactivity in the

reactor is due to the isotopes and transuranic elements produced
in the fissioning'gf uranium, the remainder is the result of the
cdpture of neutrons by the reactor structure material. Once the
reactor-shuts down; there is a rapid decay in radioactivity which
produces heat. It is the need to remove this residual heat after
shutdowA which haS led to the concern over the many safety

featdres of the reactors. The Nuclear Regulatory Commission was
createf to ensure adequate protection in reactors by specifying

: multigle barriers to.contain radioactive material and emergency
- sy§tems to maintain the effectiveness of the barriers.,

’

Competition from other power 'sources is another_aspect of power

plant economics. Reliability.is also an important issue in the .

econdomy of .plant operation. If nuclear plants break down more
frequently than -coal or oil-fired plants, then, some of their
economic advantage is lost. Because nuclear plants involve
higher initial capital costs than conventional plants, they are
particularly sensitive.cost wise .to changes in "capacity
factor.” This is becaus& a conventional plant is able to cut
back full deliveries in .the event of a plant breakdown, but this

* ']
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is not easily done in a nuclear plant (it's fueled only once a ‘
year). So, fine tuning .is .much more importan} to the engineer
4 concerned with nuclear power generatron than with the 1ess

complex oil or coal technology. .

j. Public Policy

' * .
- 4

Nuclear power has become a top1ca1 issue in recent years In
California, the voters considered @ change in the Constitution
to severe]y curtail the development of new power plants and
reduce- the operation level of existirg enes. Proposition 15
(Constitutional Amendment).was one of the hotly contested ballot
issues in the June 1976 election in California. In conjunction
with the {ssue before the voters, the Legislature considered
three other pieces of legislation that in essence addressed many
of the same issues contained in the proposition. In particular,
the issue of nuclear power., deve]opment brought into®focus the
interaction between engineering. and the public need. Many
engineering companies, utilities and manufacturers became
involved in this issue, and there was greater interaction . -
. between the technical community and the general public than had
ever before occurred. \

-

The importance of the development of pubf1c polity in a technical
area was a traumatic 1esson to the engineering community that had
Tittle prev1ous understand1ng of the political and governmental
process. ‘ Many engineers were called upon to sit on a panel to
discuss the “issues. TIelevision appearances and other media
contacts were frequent. Other engineers,were asked to test1fy in
the .'hearings conducted by the California Legislature 1in
conjunction with -the Proposition and !the three 1eg1s]at1ve
bills. - . e b \

What should be the extent of the eng1neer s understanding of the
political and governmental process in light of the significant o |
‘relationship. between the development of publtc policy and the )
application of science and technology to social needs? Should
engineers be communicating directly with the uninformed public
and prov1de input into the ]eg1s]at1ve process 1in areas L
concerning technology? * Should engineers restrict their - -7
~involvement to technical matters and rely on nontechnicaldy ™’
trained ipdividuals to deve]op the public policy that-determines

o ) the course of,the engineering projects?
| ) . : ’ - .
- The voters- turned down Proposition 15, but the Legislature
"passed the three bills that- ccomp11shed many of the goals of the
Propos1t1on //g1neers and engineering societies were heavily , ¢

o _dn o{Xig/ln/prov1d1ng the public with information on the nuclear
‘:hézgr iSsue. Because a clear maJor1€y of engineering projects
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‘ are the subject of public policy, is greater interactiom between
engineers and the public needed to ensure that technology is
Fpplied to the best long range interest of society? How much
attention should be -given to the political and government
process in the engineer's educational experience? §

+ -

» K. Summary ) ?

The development of a nuclear power plant was selected because it
best exemplified the breadth of parameters involved 'tii’a single
engineering project and the effect of public awareness of the
issues on the engineer who must make continuous tradeoffs in the
design and development of such systems. The least expensive
approach may not meet the need for environmental and safety
considerations. The design that minimizes costs may ‘not be
satisfactory in light of government regulations or public
feelings. Thé 'most convenient site location may be very
disruptive to the ecological system or may require further
knowledge of the seismic characteristics of the chosen area.

What should be the extent of the engineer's technical and
nontechnical knowledge of the factors involved and what should
comprise the technical delivery system? What is the engineer's
ethical responsibility in the design and development of systems
of keen value to society on the one hand, but with major social
considerations on the othér? These questions must be raised in
the education of engineers and in the evaluation of their minimum
capability for State licensing purposes. Currently, there are
no State licensing requirements for engineers who design and

. develop nuclear power -plants. Their design is closely

\ controlled by the federal government,

-
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' Humanities: Seﬁsitivity for and appfeciation of aesthetics.and art.

4. FIELDS OF UNDERS'[ANT)ING

The ana]Js1s of eng1neer1ng ppo;ects prov1ded a great deal of

"1nformat1on on types of knowledge involved in engineering practice.

From this information, a listing of the technical and nontechnical .
.parameters of eng1neer1ng practice was developed. Fourteen separate
) parameters were identified and defined:

i

-ar

Phys1ca] Science: 'The precise description of ex1st1ng phenomena,
oftep us1ng mathematical models.

__g1neer1ng Science:« Ihe application of a knowledge of mathemat1ca1

-and natural sciences gained by study, experience, and practice to
“develop ways of ut111z1ng materials and forces.

Deslgn/App11cat¥on The process of applying var1%$§/heétn1qnes and
scientific br1nc1p]es ‘for the purpose of defini g a device, a

process, or a system in sufficient deta11 to permit its phys1ca1
rea11zat1on

.Engi neer1ng Technology: The use of'prbducts, systems, processes,

evices, mechanisms, and techn1ca1 know-how associated with the
practice of eng1neer1ng

Ethics: .Standards of cdnduct.
LTS a3 ' o

Communication Arts:, The §thdy’of effective language use.

'Management Sc1ence Ihe,study of methods of app]y1pg manpower,

material and other resources to produce goods and services.

Economics: The. development and sfudy of theories of produétion,

d1str1but1on and consumpt1on of goods and services.

Law Any established pract1Ce wh1ch is potentially enforceable by-.

-*Jud1c1a1 action.

Political Science: The study of the:interaction of individuals
and/or structured group$s with other structured groups.

Behav1ora] Sc1ence, The study of{ the individual and social.behavior
of people. )

~ Life Sc1ence; The sciences of 1iving organisms.

-
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‘ History: The study of man's heritage.

These types of knowledge were called the "fields of understanding,"
encompassed in all types of engineering practice. It was clearly
recognized that it would be impbssible for an engineer to be an
expert in each of these fields. Consequently, the degree of-
understanding of the "fields" an engineer should possess is relative
to his function in an enginéering project. Understanding must
increase proportionately as the individual's scope of responsibility
increases. However, it was also recognized that every engineer
should have some exposure to all of these fields if the practice of
engineering is to be responsibly conducted.

;q x ’ In order to account for the varying "degrees of understanding" an
engineer may be required to possess at any time. in his career, a
"learning scale" was developed: *

‘0 =- None: Having little or no knowledge of a subject area.

1 -- Awarenéss: - Having sufficient knowledge of a subject area to
s . recognize problems in that area and the type of talent needed to
- : : solve them. 4

2 -- Sensitivity: Having sufficient knowledge of a subject area-to
recognize ‘problems in that area and the type of talent needed to
solve them .and having the ability to make some preliminary

- judgments ‘concerning problems in that area. '

3 -- Proficiency: Having sufficient knowledge of a subject area to
recognize problems in that area and develop solutions to them.

. . 4 -- Expertise: Having sufficient knowfedge of a subject area to
. develop new approaches to solving difficult problems in that
area. :

The "fields of understanding" and "degrees of understanding" are
employed throughout the study as guidelines in the analysis of
engineering education’ and registration in their application to Y
solving societal needs/wants. . '

12 . ’ -
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APPENDIX B

HIRING, PROMOTION, AND“’:FENURE ATTITUDINAL SURVEY . .
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APPENDIX B

.

HIRING, PROMOTION, AND IENURE ATTITUDINAL SURVEY

I. Introduction

N

The effect of faculty profile in the development and maintenance of

high quality engineering educational pr ms has been alluded to in
~ prior studies. To further evaluate® this fect on the hiring,
t

promotion, and tenure practices of some of major engineering
educational institutions in’'California, a survey was conducted. The
questionnaire covered specific topics and included an open
attitudinal question.

Faculty from the University of California, California State
University and Colleges, and the indepepdent colleges and
universities were surveyed. The methodology, analysis of responses,

" findings, and conclusions are presented in this appendix.

3 . *
II. -Distribution of Survey Questionnaire
r &
Eaculty were contacted through their institutions which were
identified through the ECPD annual report. It was requested-that all
engineering institutions with accredited engineering programs
provide copies of the questionnaire to their facufty members. The
questionnaires, when completed, were to he returned by each faculty
member directly to the California -Commission on Postsécondary
Education, : y s ‘

.

~

III. Survey and Response Rate-

0f 1,648 gquestionnaires sent to institutioﬁs,'ZQ percent were.
Qefurned. ., The Totlowing analysis. was supported:

Ihe mean response rate from all campuses of the University of
California was 46 percent; fdr the California State University and

_ Colleges system, 40 percent; and from the independent colleges and’

universities, 24 percent. ‘Table¥ summarizes these giQdings. ,

The number of questionnaires sent- to each school was based upon an

,estibate of "the number of engineering faculty, as indicated in the

most'current school catalog. In May of 1976, the questionnaires were

sent to each dean of an accredited engineering program with a letter

of instruction to distribute the questionnaires to each - faculty
member, and if necessary, to duplicate additional copies as
geqyired. | .




TABLE I
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Questionnaire Resﬁonse
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’ Californdia State Universitias 375 | 1281 347 407
University of California 615 | 3041 49% 467
Independent Universities and Colleges | ¢s53 | 41] 67 | 242
[ 7 . .
g ~ . ALL SCHOOLS . [1,648 |473]29% | 352
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It appeared as ‘though most responses‘had been completed by the end of
June 1976. However, in August 1976, a package of .completed
questionnaires, representing more than two-thirds of the total UC
responses, was -received. These had apparently been accumulated by
-the University's central office in "University Hall" (Berkeley)
before transmittal to the Commission on Postsecondary Education. As
a result of the staggered receipt of the responses, a compdrative
analysis was made to ascertain.variations, if.any, in the data:
received from the faculty members directly, and that which was
received from the University, - . : :

IV. Eindings -
A. Faculty Background

The survey examined three major aspects of faculty.background: (1)
How many faculty members were tenured; (2) the type and origin of the
degrees received by faculty members; and (3) the percentage of the
faculty with experience in engineering practice.




The _survey results indicated that a high percentage of the
engineerihg faculty received their education from retatively few,
institutions, and that ninety-seyen percent had doctorate degrees. °
Of a total of 64 schools identified, Stanford, UC Berkeley, UCLA, Cal
Tech, and the M.I.T. awarded 46 percent of the doctorate degrees.
Sixteen percent of the respondents received their advanced degrees
from Stanford University. Further analysis indicated that 75
percent of the doctorates had been awarded by 20 schools in the
United States.

B. Engineering Practice

" Ninety-eight percent of the responding faculty indicated that they

had some experience in engineering practice. The’ cumulative
experience profile of all responding faculty was 13.2 years. The .
University of California faculty-indicated an average experience of
14.3 years; California State University and Colleges and independent
colleges and universities indicated an average of 13.1 and 12.2
years, respectively.

These data did not distinguish between part-time consulting and
full-time activities, although some faculty respondents equated a
year of part-time consulting activity with a full year of engineering

- experience. This was one area of disappointment in the formulation

of the questionnaire, since the actual nature of experience affects
the understanding of engineering practice.” —

C. Hiring Practices

Faculty are hired through a review process involving tenured faculty
and school administration. Faculty committees make recommendations;
administrators implement them. An institution's policies form the
basis for screening eligible applicants and ‘consequently are
important in determining who is hired as a faculty member.

Since engineering faculty participate im the hiring process, a
survey question was designed to determine how faculty mempers ranked
nine possible hiring criteria used in their institutional setting. A
majority of the faculty members from the University of California and
the independent colleges and universities ranked the doctorate
degree as- the most important hiring criterda (65 percent frop uc; 60
percent from independent schools): Signifqggnt variation was noted
from school to school. Table II presents the reduced data from this
inquiry, The hiring criteria were ranked on a.scale from 1 (most
important) to 9 (least important). A more refined presentation
showing the priority ranking of hiring Epiteria appears in ITable III.
L4 : -
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It shou]d be noted that tbe data are dﬂmu]atlve and that J:f1at1on

existed among faculty
education.

el

érs in each of the three segments of higher
Respondents from the California Stite University. and

Colleges 'segment ranked 1ndustria]sexper1ence as most important, and
the doctorate degree second n 1mportance
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- TABLE III

L

R

Priority Ranking of Hiring Criteria

ALL PRIVATE uc STATE
Ph.D. Ph.D. Ph.D. Industry exp.
Research .Research Research Ph.D. N
‘Teaching exp. Teaching exp. 'Teaching exp. Teaching\exp.}
Publications . 'Publications Publications Publications
Industry exp. Prest./degree Prest./degree Research’
Prest./degree 2rest:[prev. em.| Industry exp. Public ‘'service
Prest./pfev.‘em. Industry ;xp.- Prest./prev. em.| Prest./degree
Masters Masters = Masters Prest./prev. em.

Public servicé

Public service

Public service

Masters

D. Promotional Criteria

L

9

Engineering professors were asked to rank research, teaching and
public service by the degree of emphasis each was given in

promotional practices within their departments.

Table IV shows the"

results of this inqyiry according to the school systems of origin.

One-hundféd perceﬁt'of the respondents from the Univefsity of
California indicated that research ranked number one in priority-in
Eighty-six percent ranked teaching -and public

their departments.

service second and thirdin importance.

A
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Ranking of Resear

TABLE TV

\

/

v
~

ch, Teaching and Pubiic Serzice

by Institution
S8
: . —~ 1. Research . 1. Teaching | 1. Pﬁhlic 1. Research
.|2. Teaching | 2. Research Service |’'2. Public
{3. Public 3. Public 2. Research Service
Insti. Service Service | 3. Teaching | 3. Teaching
O . 862 ‘ : 142
" |statE | 11z 302 592 .
PRIVATE 152 682 . 17% L
ALL 382 32% 252% S&

L ]

£ FEifty-nine percent of the respondents from the California State
\University and Colleges felt that their department priorities were

oriented toward public service, research, and teaching, in that

: order. Thirty percent felt that the proper ranking order placed

S teaching first, with research and public service following. Only
eleven percent of#his group agreed with, the University of California
in ranking research as number one in priority. Sixty-eight percent
of the faculty from the private schools showed a belief that their-

departments ‘were primarily interested in teaching, research, and
public service ranked in.that order. Possibly, the faculty from the
California State University and Colléges were responding ip tight of
‘the State mandate in the "Master Plan for Higher Education" in which
the University of:California was identifipd.as the gesearch facility

for the State of California in higher education matters.

MF BE R PR
3 .
5 »

PO It is difficult to draw precise conclusions from any survey, but the
” data from this inquiry seem to fit a pattern of past recognition.
The engineering education programs im: the University of ‘California
' tend to be biased toward basic science, math, and research. The
~engineering programs in the State University System seem to be
sensitive -to practicality and public reaction. The private:
institutions seem to emphasize teaching ability. N

]

E. Attitude Toward Tenure

The respondent's feelings on the general subject of tenure varied .

widely. Some felt that tenure was essential to achieve academic
freedom, since the system permits a tenured faculty member to express

B-6
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his/her feelings without threat of retaliation from the University
administration. Without this protection, the faculty turnover would °
be high, security low, and much:time would be spent on resolving

faculty/administration problems. One respondent stated that it was
a choice between tenure and formal collective bargaining, though the

latter issue is nowwell-established on some university campuses.

Some respondents felt that the tenure system was self-defeating in
that it locked some faculty members into positions that might
otherwise be available to more creative and innovative individuals.
“The system promotes stagnation.at the top," according to several of
the responding faculty members.. One respondent succinctly presented
the general opposing view when he stated, "As I see it, the meaning
of tenure is no longer 'protection of academic freedom, and from
summary dismissal,' but-rather a license to stagnate. I be]i;ve.thé
tenure system in its present context costs many engineering students
the quality education they deserve. Half of the faculty of the
School of Engineering at (name omitted to protect confidentiality)
spend less than 20 hours a week doing what they are paid for. Five-
and ,ten-year-old class notes that have never been revised are
commonplace, and one professor doesn't even bother with notes, he
reads the book to the students."

There were many and varied responses to the open question, but only
the major issues have been presented herein. . a ‘
In summary, the tenure system and its effect upon the attitude and
behavior #f the professional staff involved in engineering education
has been a subject of debate for many years. In engineering, the
institutions' policies and practices that establish the profile of
the faculty have a direct effect on the type and quality of education
the student receives.: Education is not the only institution
influenced by systems such s tepure. Conflicts have existed in
public employment and private industry for many years that have led
to the development of systems to providé security to workers. Though
these systems have been used primarily by non-professional workers,
there is increasing interest being shown by profes#fonal workers for
more .formal methods of resolving- disputes between workers and
management. The Civil Service system, collective bargaining under
the National "Labor Relations Act or corresponding public policy for
state, local, and federal workers, are all attempts to provide some
stability to the work place and to reduce the impact of human .
frailties in managing the activities of workers. However, the basic
question is stil1 paramount. How do these systems provide incentives
through promotional policies that encourage innovativeness and
creativity? Ideally, university policies should produce a dynamic
faculty with insight not only into effective teaching techniques,
but also into the actual practice of engineering with a._clear
understanding of the basic scientific principles upon which the

. ..
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technical aspects of engineering are based.- A faculty of this nature
is imperative in order to best serve the needs of students, the

practicing profession and the public.
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APPENDIX C

W OF TENURE STUDIES

es of engineering education have. emphasized the impor-
of faculty in providing consistently top guality engineering
ucation programs; however, many critics charge- that the existing
tenure system hampers their:effectiveness to prepare the engineer’
for practice in "real.life" situatigns.

In reviewing general tenure studies, 'it was observed that their
approach was negatively critical, rather than -objectively
analyticalw This tone was prompted by increased politicization of
elements within academic institutions; diminished public confidence
in the performance of colleges and universities, especially the

quality-of teaching within them; a nationwide debate on the purposes-

and direction of higher education; and severe financial constraints.
The Special Committee on Campus Tensions and the President's. Com-
mission of Campus Unrest identified the operation of -tenure as a
possible cause of the widespread campus unrest of the 1960s. The

_following studies, briefly summarized, are some of the principal

examinations of tenure.

1. The Rights of Nontenured” Faculty: The New Constitutional
Doctrine of Perry v. Sindermann and Board of Regents v. Roth, by
* Dr. P. Allan Dionjosopoulos, states that academicians are not
1ikely to accept the contention of present tenure system

critics that the protection of academic freedom requires that -

there be no distinctions between teachers. He cites Perry V.
Sindermann ard Board of Regents V. Roth as evidence of an urgent
need to pursue’ the question of the due process. to which
nontenured faculty members are entitled. : -

2. Steady-State Staffing in Tenure-Granting Institu&ién and
. _ Related

questions
§ in a steady-

Papers, by W. Todd Furniss, was stimulate
of the viability of conventional tenure syst
state situation. The paper deals with the development of a
college or univgrsity personnel policy !suitable for a time of
little or no expansion-tn student: or fdculty numbers and also a
time when stability follows a peripd of rapid growth coupled
with considerable change in faculty expectations and in the
governance patterns of our insti .

3. The Faculty Promotion Process: An Empirical Analysis of the
Administration of ‘Large Stafe Universities, by Fred Luthans,
looks at gge university ag a functioning organization, and
attempts to justify the dse of management concepts in the
analysis oggacadgmic admjhistration. It provides a descriptive




~ D ul
presentation of promotion policies and practices in 46 large
state universities and utiTizes empirigal data to analyze .

centrat control of decentralized business faculty promotions.
" ) . After.summarizing the central and decentral promotion policies and

faculty sample felt their promption process was well accepted and S
contributed to high morale; th8t (2) there was no evidence of well~
formulated, understood- and accepted promotion policies in most
P universities; and that (3)" most policies were neither fully

: .communicated nor their results fed back. ' He advocated central
control of tKe promotion process to maintain standards and assure
maximum faculty contributions to the goals of the university.

, The Carnegie Commission's po]1cy report on tenure, Governance of
‘ ' Higher Education, made three recommendat1ons' dea11ng with the ~
. e decision making process in American colleges and universities:

o

1. That the princip]e of tenure should be retained and extended to -
campuses where it.does not now apply; -

- 2. That .tenure systems should be so administered in pr:ﬁtjge/fij/////ff
that advancements to tenure andwafter tenure'are ba on merit, ]

(2) that the criteria to be used in tenure Sions are made . z

.- . clear at the time of employment, (3 t codes of conduct,
. specify the ob]1gat1ons of t faculty members, {(4) that
. . adjustments in the’ si in the assignments of staff in .
. X accord w1th i jonal welfare be possible when there was a -
full fiablé case for them, (5) that fair internal 7

6cedures be available to.hear any cases that may arise, and
.y " (6) that the percentage of facu]ty _members with tenure not -
become excessive; and . ) ,

. 3. That persons on a 50 percent or more time basis should be

- a" eligible for tenure, but the time elapsed prior to making a
) de¢ision on tenure shou]d be counted on a fu]] time-equivalent
baS1s

. . . - .

. Academ1c Tenure in American Higher Education, by B. N‘ Shaw, b
« : reporting on the tenure policies and procedures of the part1C1pat1ng
state universities and ]and-grant colleges in effect during 1968-
1969, provided data for the review and/or comparative analysis of
tenure.

v

. 'Two of the nine conc]us1ons drawn by Shaw in his study were that:
6 f
1. Ih1rty percent of the part1c1pants answered "data not
available" on tenure termination’ proceédings and faculty
- - -dismissals, highlighting a serious deficiency in proper record
keepihg in these areas; and

pract1ces found, Luthans concluded that (i) only 8 percent of the et
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2. That tenure Eerhination cases‘weré not frequent in the state
universities -and land-grant colleges. (14 of 80sinstitutions
reported only 27 faculty dismissals in a 10-year period. )

Y

Shaw ‘made - four recommendations .for further examination of tenure,’

. and suggested a ‘format for a statement on academic tenure policies
. T~~~ and procedares. R ;

In a collection of essays, Ifie Tenure Debate, by Bardwell L. Smith
and Associates, important issues facing higher education were “. . .
the evaluation and improvement of teaching; the balance, between

teaching.and research, and which kinds of research are appropriate to

.a university; the ingredients and process of shared governance; the

compiex relationship between the academy and society; and the

“dimensions and vehicles of learning available."

Eaculty Tenure: A Report and Recommendations by the Commission on
Academic Tenure is. perhaps the most extensjve study of tenure done
thus far. The report (1) examines the operations of the tedure
system, (2) evaludtes criticism- of tenure, (3) considers alter-
natives' to tenure, and (4) makes detailed recommendations for
improvement and modification. :

The major recommendation of the report was that faculty tenure should
be retained . . . because it is still the only reliable guardian of
academic freedom." It is the Commission‘s belief that the many
deficiencies’ of Lenure were in its application and administration.
These deficiencies, it was felt, were remediable-by reform efforts in
institutional policy, practice and professional standards, and
priorities on the part of individual institutions and by faculties
themselves. v . ~ :
Ie

The Commission's view was that the problems facing higher education
were due to educational changes and could not be resolved by any
simple change in academic personnel practice, such as in the )
modification or abolition of tenure. The Commission did not find the
alternatives to tenure as workable or effective as a strengthened-and
renewed system of tenure. ' .
‘ 7 LN
The Commission's 47 proposals advocated (a) new emphasis on
institutional responsibility, (b) attention to somg neglected
elements of an effective tenure system, (c) recognition of tenure
problems a$ related to the professional development of the faculty,
(d) specific means of strengthening institutional tenure plans in
normal operations, (e) consideration of a number of special problems,
of current concern, and (f) measures for needed information and
research to assist colleges and universities in improving- and
maintaining effective faculty personnei programs.
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Conclusion .

-

The tenure process is a matter of great concern to the academic

‘world. How this concern is reflected in the quality or direction of

instruction provided in California engineering education programs is
presented in the survey fesults on hiring, promotion, and tenure
selection criteria inthefmain body of the report. - -
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APPENDIX 0 3
PROFE§§§0NAL AND TECHNICAL -SOCIETY SURVEY N ’
:’ ) M ‘u‘— *
1. Background: . T i . ‘ ) ‘

Numerous technical organizations,«representing the technical
disciplinary " Tines of the engineering profession, have

~developed in the last '100 years and for many of these dis-
ciplines, parallel accredited degree programs are offered in
California educational institutions. These technical societies
have a significant input into the structuring of engineering
education in their respective disciplines because of their
representation on the Board of the Engineering Council for Pro-
fessional Development, and the participation of their member-. -
ship on accrediting teams. Additionally, in.California, regis-
tration of professional engineers is by technical discipline,
and the technical societies*have played a role in “1obbying
actions' vesulting "in the establishment of new licensed .
technical disciplines. Once tha new disciplimres .are - | -
‘established, thé licensing requirements are developed by the
Board of Registratipn with the assistance.of the technical .
society. .
A1l of the societf®s, with ‘the “exception of the California
Sotiety of Professional Engineers, are divided into .local -
sectjons of nationa)] organizations. The CSPE is a statewide
organization composed of chapters. . The state’societies such as
the CSPE, comprise the controlling Board of .the Natiofial .° o
Society of Professional Engineers with representation based
upon state society membership. Thus, this single organization

- represents the " interests "of registered and nonregistered. )

_ engineers of all disciplines. In contrast, there are several .
3utonomous sections of the American Society of Civil Engineers
in California, but each is a member of the ASCE national
organization. The same is true for the societies for. mechanical -
and electrical engineers, etc. . ' )

-

2. Objectives

A survey questiohnaire was prepared and sent to 42 individuals
in 15 major technical and professional engineering societies
" representing a.broad spectrum of engineering disciplines.




:4 ‘m—k_,’::...,_'__a‘ ,‘ . w ’ - ’

s . Among the objegtives of the survey were:

. To determine the relationship of the professional and
¥ technica] organizations with the Board of Registration;
/ 1y
- ) . To ascertain the spec1f1c 1nterest of each society in the
Act; and :
- . To determine whether engineering societies support the
concept of mandatory registration for engineering
> : practice. ’

The survey also covered: engineering examinations; alter-

A : natives to registration; licensing through the "grandfathering"
method; work experience appliegytoward registration; "fields of
_understand1ng“ in the reg1strat10n procedure; and codes of
“ethics for englneer1ng practice. .

' Each individual surveyed received an overview of the engi-
’ :neering registration act in California, a. listing of the
; "fields of understanding" together with definitions, and a copy
* of the quest1onna1re

5 ' : v
3. Survey Groups

The following technical soc1et1es were contacted:

A

*pmerican Institute of Aeronautics and Astronaut1cs
American Institute of Chemical Enginéers
*American Institute of Industrial Engineers, Inc.
American Instituté of Petroleum Engineers
) *American Society of Agricultural Engineers
-~ . American Society of Civil Engineers
American Society of Heating, Refragerat1ng, and Air-
Conditioning Eng1neers, Inc.
*American Society of Mechanical Engineers
*American Society for Metals __ -
. *American Society for Quality Control
A : *Institute of Elextrical and Electronics Eng1neens Inc.
’ *Institute of Iraffic Engineers— . . . .
*Society of Eire Protection Engineers
Society of Manufacturing Engineers
*Structural Engineers Association of Ca]1forn1a

Responses were received from 13 individuals represent1ng 10 of
the 15 societies; a 67 percent return. The asterisks on the
above list indicate those societies which' responded. -

Ry
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_erating, andJAir-conditjpning Engineers, the disciplines r

x L i '

With the exception of the.American Society of Heating, \
re-s .
sented by the survey grodp are licensed under the Califorhia
registration laws. ‘Three disciplines, mechanical, electri
and civil engineering, are covered under mandatory practic
provisions (with the exception of the exempt areas of
Practice). . ‘. . .

Survey Eindings ’

a. Liaison With Board of Registration

Eighty percent of the respdndin
maintain someé contact with the

g societies reported that they ~ N
Board of Registration for'Pro- i )

fessional Engineers.

The type of liaison varied from volun-

teers to ad hoc committees, and the frequency of contact ranged,

from weekly to two times per year.

In_two cases, the engi- g

neering graups claimed they had no!con

tact with the Board.ﬂ“MosuéJ

respondents indicated that their societies primarily gommuﬁfﬁg”
cated with Board staff members on'matters before the Beard,sbut’
a few also had some direct contact with Board mszqrsb P

~
2 ¥
LA R

LN
5~ ﬂ.
In Eenera], the special interests of each responggng society

were reflected in the following concerns expressed about the
administration of the Professional ‘Engineers Act:

v
] «'ﬁ’r‘\,

b. Primary Concerns With Endineering Act

1. Mandatory, registration for all ejgiﬂggfs with no exemp-
tions; o )

2. Minimization of pro]iferation(;f narrowly defined en-
gineering specialties; . ’

13
3. Maintenance of high standards,Jf engineering practice:

e, ’/
Y
/

-
the disciplife of *

4. Enforcement of the Professional

~

ineers Act;

5. Registration of qualified engineers
_ra particular branch;

6. Development of satisfactory registration examinaYion;
/

1. Maintenance of the status quo; /

253
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8 Preparat1on of test questions; !

9 Use of "professional eng1neer“ as d mean1ngfu1 and re-
spected title by peers and the public; -

10. Being informed abouf changes in the Act;
}
11. Changes causing hardships with ex1st1ng pract1c1ng en--
gineers; .

12. Fa1r treatment of part1cu1ar engineering disciplines by
. the Board and

»

13. Safeguarding the "title" concept of .the Act as, present1y
written.

“c. Monitaring Legislation and Legislative Advocates -
Eighty percent of the responding engineering organizatiofis in-
dicated that they monitored legislation pending before the
California Legislature pertaining to amendments to the Pro-
fessional Engineers Act. However, eighty percent of the or-
ganizations have no paid legislative advocates/lobbyists.
Over half use volunteers to follow legislation, and some rely
on legislative information and research disseminated by the
staff of the California Soc1ety of Professional Engineers.

~ CSPE is not a lobbying body in the true sense, but the
-organization does monitor legislation and makes its findings

+ available to members and to other interested organizations.

‘

d. Mandatory Reg1strat1on . - oy

Fifty percent of the societies favored the concept of man-
datory registration for all engineering practice; twenty per-
cent opposed it, and thirty percent did not" express a view-
M po1nt .
L . :
e. Automatﬁc Registration for Graduates -
- Seventy percent of the soc1et1es did not favor automat1c
- registration of graduates of the Eng1neers Council for Pro-
' ~ fessional Development adﬁredited engineering curricula; twenty
percent favored it. The same seventy percent who did not
approve favored two state examinations at the terminmation of
the Bachelor of Science program, one on principles and the
other on engineering practice,- separated by a specific per1od
‘of tiﬁe, such as two years. This is the current practice in
California for established engineering spécialty disciplines.




f. Registration Alternatives

Seventy percent, of the societies felt that there were no al-
ternatives to registration to provide mihimum standards of
competence for the. protection of public health, welfare,
safety and good. Thirty percent favored alternatives such as a
degree from an accredited curricula, certification by the
related engineering technical society, or in one instance,
certification by the employer's backing and reputation.

I

g. Gréndfathering

Ninety percent of the engineering groups favored grand-
‘fathering of currently practicing engineers in California;
only the Structural Engineers Association of California -
opposed it. (Grandfathering-is the current practice for
licensing engineers into newly established specialty
disciplines. Qualified applicants do not have to take written
examinations.)

h. Experience Credit . .

The engineering societies unanimously felt that experience
credit toward registration should be granted for formal .
engineering education. Eighty percent said they would grant a’
straight equivalency, year-for-year credit; ten “percent
favored half equivalency credit; and ten percent favored 25
percent equivalency credit. Current practice is straight
equivalency for accredited degrees; half equivalency for
partial or nonacgredited degrees. .

.

i. Fields of Understanding

In the registration-examination procedure, the organizations
were asked to assign a weight factor to the various "fields.of
. understanding." Subjects receiving major emphasis-were given
a rating of four; moderate emphasis, a rating of three; light
emphasis, a-rating of two; and non emphasis, a rating of one.
Since ten organizations responded, the highest possible score

- . for each subject was 40. Ihe’ following is a listing of the

"fields of understanding" with the cumulative rating givén by
the engineering societies: LT e
Engineering Science 36
Physical Science N . 36
Design/Application = 32




ullToxt Provided

ERIC.

j. !Code of Ethics -

sponse.

Ethics - ST 28

Communication Arts . 24 .
. Economics 22
. Management : 21
;e Law ) - 20
Life Sciences . p 15
Behavioral Science ' 12
Humanities. . 10
History : 10
. PoTlitical Sciende : 10

*

5. Survey Conclusions

a.

.-

Most englnthlng societies wer cognizant of the oper-
ations of the Board of Registpatt¥yn for Professional En-
gineers, and maintained some for{g of contact with the
Board 'on a regular basis. The angwers to the surve
guestions reflected each organization's desire to.
protect its own special interest. ’

The engineering societies were generally satisfied with
current practices and procedures and generally favored,
maintaining the status quo.

Eifty percent of- the respondents favored change§'1n the
area of mandatory reg1strat1on Ninety percent said
that current]y practicing engIneers ‘should be

. grandfathered into 11censed engineers.

Most of _the surveyed organizations saw .no ‘educational
need to broaden the sgcial, economic, business, legal or
po]1t1ca] environment of the engineering; Students The
ma30r1ty af the survey group emphasized engineering and

: phys1ca] sciences rather than total problem orientation.
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APPENDIX E
CONTINUED PROFESSIONAL DEVELOPMENT REQUIREMENTS FOR RE-LICENSURE ~°

In’October 1971, the Catifornia Senate adopted a resolution (SR 218)
by George Deukmejian relative to continuing education as a means of
encouraging registered professionals (not limited to engineers) to

keep.abreast of new professional developments in the fields for which
they were Ticensed. The resolution stated that continuing education
was necessary in order to safeguard the health and safety of the

public. The legislation required each licensing agency in the state
to file a preliminary report on continuing education and describe the
approach or plan it would be prepared to adopt for its licensees.

The Board of Registration for Professional Engineers appointed the
Ad Qgc Committee on Professional Development to respond to the Senate
resolution. The final report of the-Committee was submitted to the
Board on September 30, 1975. This project examined the report and
reviewed j&s recommendations to determine the Board's positipn on

continued®rofessional development.

- -

At the time, the Committee recommended that the Board not mandate
professional development as a requirement for registration renewal.
Rather, it urged the Board to publish a periodic summary of
significant Board actions, departmental.legal opinions, Attorney
General opinions, new rules, newly' adopted-Board policies, and

disciplinary actions for use by all registered engineers.

The Committee pointed out that a large percentage of all engineering ~

work performed in this state was not .performed by registered
engineers because of the exemptions allowed by Sections 6746 and 6747
of the Act, and becausé the Act controls only the practice of

. engineering in the civil, electrical, and mechanical, _disciplines.

The Committee recommended the elimination-of these exemptions so
that regulations, meaningful to the public interest would be
required of all individuals practicing engineenjng.

In addition, the Committee recommended that the Boérd: .

- Encourage registration, particularly by universities, foé all
engineering students as soon.as possible after graduation;.

= Increase enforcement efforts, including better coordination
with code enforcement officials to assure compliance with Board
disciplinary actions and provide for more effective
disciplinary actions for violations; and

‘




- Establish a permanent professional development committee which
would, among other things, establish a code of ethics ahd/or
rules of conduct as pant of the Professional Engineers Act. The
Committee supported eg h engineer's obligation to maintain

professional development on an ethical as well as technical
level.

The Ad Hoc Committee observed that a mandated program of professional
development, applicable to those engineers presently.registered,
-would provide little or no improvement in the welfare of the public
because only a minority of those\registered offer their services
directly to the public. Therefore, the Committee corcluded that
mandated professional development of registered engineers was not
necessary in order to assure the public health, safety, and welfare
and would not necessarily improve servrgij to the public..
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" APPENDIX F ,

NCEE "MODEL LAW" - ENGINEERING REGISTRATION '

The National Council of Engineering Examiners (NCEE), composed of
representatives from state and jurisdictional registration boards,
is a strong advocate of registration for practicing engineers, and is
highly respected for its many years of experience and research, A
document entitled "Model Law" was prepared by NCEE and is a reference
work and guide to provide "greater uniformity of qualifications for -
registration, to raise these qualifications to a higher level of
‘accomplishment and' to simplify the interstate registration of
engineers . . .." This document indirectly presents the views of the
member boards on the relationship between engineering education and
registration, and societal needs/wants. The major provisions of the
"Model Law" are presented below. =~ ~ ‘

1. Purpose and Definitions

IR

According to the "Model Law," regulation of the practice of
engineering is required "to safeguard 1ife, health and property, and
2o promote the public welfare . . .", and is a requirement for anyone
practicing engineering. The term "practice of engineering" is the
key to the scope of the. Act and-its purpose. The practice of -
engineering is given a comprehensive definition of this term: "any
servigé or creative work, the adequate performahcé of which'requires.-
engineering education, training and experience in the application of
special knowledge of the mathematical, physical and engineering
sciences . . .." Numerous ‘egamples of engineering practice are
provided, including "such services of work, either public or/
private, in connection with any utilities, structures, buildings,
machines, equipment, processes, work systems, projects, and
industrial or consumer products . . .." Thus, under the "Model Law,"
there are many areas of engineering practice included for
registration which are historically exempt under the California/Act.

2. Board Composition and Powers )// .

The composition of the Registration Board and its source of °
appointees would also differ- from the process under_the-California
Act. Under the "Model Law," the Board would consist entirely of
professional engineers, appointed by the Governor from a list
provided by the State's representative engineering societies. In
California, as a result ofi legislation passed in 1976, a majority of
the Board members are nonengineers. :

’
[]




The "Model Law" would provide the Board with the power to:

a. Adopt ,and amend all bylaws and rules of procedure not
inconsistent with. the constitution and bylaws of the state.
Adoption of Rules of Professional Conduct would be a primary

duty.
b. Subpoena witnesses; compel their attendance, and require the
N subm1ss1on of books, papers, documents, or other pertinent data
I in any disciplinary matter or in any case where a violation of

the Act is alleged.
c. Apply for 1n3unct1ve re11ef in cases of civil procedure to
’ enforce the provisions of the Act.
d. Sdbject an applicant for registration to such examination as
deemed necessary to determine his qualifications.

5

3. Registration Process

The "Model Law" would provide four different approaches for
registration.as a professional engineer:

a. Under registration by endorsement, a person holding a
certificate of registration from another state with
qualifications comparab]e to or more strict than the state in °
which "application is made, may be registered w1thout further
examination. _ y

b. In the second registration method, a graduate of an engineering
curriculum "approved by’the board," with four years or more of
progressive experience on engineering projects (California _
requires two years of experience) may take two eight-hour
examinations, .the first dealing with fundamentals of
engineering, and the second with the principles and practice of

~ .engineering. To qualify for state registration, the applicant |

// must pass both examinations. -

c. A third registration method is similar to the above except that -
it applies to graduates of an engineering or related science
curriculum which has""not been approved by the board." In this
case, the applicant must have eight or more years of acceptable
experience (current California law requires four years of

~experience), and must also pass two examinations in order to
become registered.

d. Under the fourth method, a graduate of an engineering or.relatéd
science curriculum with 20 years or more of progressive
.7 experience becomes registered by passing the examination on the
principles and practice of engineering.

F-2
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The midpoint in the registration process, the enginggr-in-
training certificate, is incorporated into the "Model Law," but
the requirements for.it differ from the current California Act.
Qualification is allowed through two alternate procedures. A
graduate of an engineering curriculum approved by the Board may"
take the fundamentals of engineering examination upon
graduation. A graduate of an engineering or related science
curriculum not approved by the Board must have four years of
progressive experience on engineering projects before he/she
may take the exam. Upon passing the examination, the applicant
is granted the certificate as an engineer-in-training.

4. Practice Provisions ' N

The "Model Law" further regulates the practice of engineering in
regard to public works. "The state and its political
subdivisions . . . shall not engage in the practice of engineering
involving either public or private property without the -project
being under the direct charge and supervision of a professional
engineer . . . "

Under a section éntitled "Right to Practice," the "Model Law" states
that .in corporate practice one or more of the corporate officers
designated as being responsible for the engineering activities and
decisions ‘must be a registered engineer. Furthermore, all final
drawings, specifications, plans, reports or other engineering papers
or documents involving the practice of engineering must be signed off -
by a qualified professional engineer. However, "No such corporation
shall be relieved of responsibility for the conduct or acts of its
agents, employees or officers by reason of its compliance with the '
provisions . . ." of the Act.

a

5. Other Provisions

2
The administrative procedures of- the "Model Law" are not
» ,substantially different from those found in the California Act.
However, the proposed Act retains exclusive control over the use of
the words "engineer" and “engineering."

6. Summary

There are a number of controversial proposals in the "Model Law":
mandatory registration, no industry or utility exemptions, a board
composed entirely of professional engineers nominated by
professional engineers, education requirements for all methods of
registration, exclusive possgssion of the words "engineer" and
-"engineering," and conditionat responsibility for all engineering
activities reposing with the professiopal engipeer, backed by
corporate responsibility. ~_—




State registration boards endorse the '"Model Law" as an "ideal" state
registration act. By requiring a four-year degree for all methods of
registration, and requiring registration in order to practice, the
“Model Law" firmly establishes the relationship between engineering
education and registration. However, the "Model Law" does not
address societal needs/wants or the content of engineering education
beyond the stated purpose of the Act.
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APPENDIX G

INDUSTRY SURVEY ON ENGINEERING EDUCATION AND LICENSING

Since the majority of all engineers are ‘employed by industry, a ques-
tionnaire was designed to determine how companies that employ en-
gineers view the breadth of engineering education, the need for con-
tinued education, hiring preferences of industry, and engineering
registration.

1.

The College Placement Annual, ¥§1Q; the California ~
Manufacturer's Register; and the Mirror Times One-Hundred
Listing were used to obtain a cross section of California
companies employing engineers. =~ -

P

The first-.publication, the official directory of the regional
placement associations, provides information concerning the
positions customarily offered to.. college graduates by
principal employers. Questionnaires were sent to 44 companies
listed in the Annual; eight were returned.

The " second publication, the California Manufacturer's
Register, is a 1listing of the manufacturing firms in
alifornia. Of the 145 questionnaires mailed to companies
identified from this publication, nine were returned.

The Tast- publication, the Mirror'Tﬁ@gs One-Hundred Listing
Tisted the 100 companies in"California with the greatest gross
sdles in the 1975 fiscal year. Questionnaires were sent to all
of these companies; ten-were returned.

—_ °
The twenty-seven returned quesTionnaires (10.9%) were ‘from
companies producing high technology products (33%) and
consumer products (16%), companies engaged in research and
development (24%), construction (14%), and consulting firms
(5%). The remaining four-percent response was from companies
producing products and services that required some éngineering
input: There was a wide variation in the number of employees
and engineers employed by these companies representing a
desirable cross section of California companies.

Findings

The'responses of the companies identified from all these
pub1id%tjons did not vary substantially from each other, and

were therefore grouped for the discussion fo]]owing.




‘\R.'J

c.

°

the National Science Board's report of 1972, The Role

. of Engineers and Scientists in a National Policy for

echnology, it was established that a transition 'toward
a concern for a heightened and broadened use of
technology in solving the problems and meeting,the .needs
and desires of society" had occurred. By examining
several engineering projects, this study identified

. fourteen "fields of understanding" encompassing the _

technical and nontechnical disciplines involved in
engineering projects. Employers of engineers, when
asked what degree of understanding engineers should have
of each field, generally responded that engineers should

.have at least an awareness of the humanities, life

sciences, behavioral sciences, political science and
economics; at ‘east a sensitivity for management,
communicatiof arts, ethics and physical science; and a
proficiency in engineering science, design/application
and engineering technology. For a more detailed dis-
cussion, see' the "Societal Needs" section of th%
detailed discussion, in the body of this report.

Continued Education ,

As the societal demand for tééhnology increases, so does
the concern with the currency-of an engineer's technical
knowledge. Employers of engineers in responding to
questions concerning the - importance of continued
educatipn in engineering practice, indicated that about
a third of them had continuing education requirements
for their engineers. Fifty=six percent of them allowed
their engineers to take these classes on company time.
However, 48 percent stipulated that the courses taken
must be directly job related. When so related, the
companies were usually willing to pay 75-100 percent of
the educational expense. Few were willing to pay any
expenses for classes unrelated to the job. b

Hiring

Industrial hiring policies varied substantially, but in
general, companies were 1ess‘jpterested in engineers
with Ph.D.s. Over three-quarters of the respendants
hired persons with a bachelor of science or master's
degree, who lacked full-time engineering experience.
Only half hired Ph.D.s with no full-time employment
experience.

o ow



Overall, companies did not view engineering registration
as an important hiring qualification. Only 37 percent
sought registered engineers. ‘Furthermore, only an

average of 15 percent of the engineering staff of the
responding companies were registered.

: (
d. Engineering Registration

The responses generally indicated that engineering

registration did nQt play an important role in
’ engineering .practice (probably because most_practicing
engineers are exempt. from the registration law).
Ninety-two percent of the responding companies stated
that there was no pay differential between registered
and non-registered engjneers. Similarly, 69 percent of
the companies did not Delieve ‘there was a need for all
engineering practice in California to be conducted by
registered engineers, and 65 percent responded that they
would oppose elimination of the existing registration
exemptions. N : .
Three-quarters of the companies supported the “grand-
fathering" provisions of the registration law. Sixty-
three percent believed that experience-credit toward
registration should be granted for formal engineering
education. However, there was disagreement as to what
the equivalence should be. Only 3 percent of the
companies agreed that a straight equivalence should be

s granted.* Twenty-six percent would grant only 50
percent; a 1like percentage would grant a 25 percent
equin}ency. . .

Fifty-nine percent of the responding companies believed
alternatives to registration would provide minimum stah-
dards of competence t¢ protect public health, welfare,
safety, and good. Forty-one percent favored a degree
from an accredited curricula; 35 percent believed that °
certification by a firm's backing and reputation would
be adequate; and 12 percent recommended certification by

b related enzi?eering technical societies.

i)

ngineering registration law currently grants four years

ience-credit toward the six year experience requirement

igineering registration to graduates of a Board-approved
ifg-curricula. (The Board of Registration currently

s all engineering education programs accredited by the
Engineers' Council for Professional Development.)

ES
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3.

Summary

This survey indicated:

a.

That most companies employing engineers recognized the
importance of continued education and were willing to
share the cost of it with their employees, as much as 75-
100 percent, if the course or program were at least
indirectly related to the employee's job;

That most companies were most interested in'hiring grad-
uates with a bachelor of science or master's degree with
no full-time engineering experience than. an engineer
with a Ph.D. Tacking similar experience; and

That engineering registration played no currently im-
portant role in industrial engineering practice. .
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* APPENBIX H
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~INFORMATION FOR REGISTRATION AS A PROFESSIONAL ENGINEER DURING THE‘
INITIAL (GRANDFATHERING) PERIOQD )

- 4
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’

BOARD OF REGISTRATIQN FOR PROFESSIONAL ENGINEERS'STATE OF CALIFORNIA

Bulletin 3-75 .

1. GENERAL REQUIREMENTS - Each applicant for registration as a
professional engineer: '
(a)''must be of good moral character.

(b) ‘must furnish evidence of nine years of qualifying
L engineering experience. Experience will be acceptable to

. the Board on a full-time basis except for equivalefts as
noted below. 2 ©

(c§ is not required to be a citizen of the United States, nor a
resident of California. . ‘ ’

(d) must submit an application identified for the appropriate
branch together with the required filing fee.

(e) except as provided under 2 (a) below, must have,
professional experience other than teaching, since a
maximum of one years experience credit can be a]lowed for
teaching ‘experience. - - :

" 2. EXPERIENCE EQUIVALENTS - Education or registration credit may be
substituted toward the .total nine year experience requirement
only aceording to one of the following: .

) (a) nine years' credit for current registration obtained by 16~
hour written examination in another state in the same
specialty in which you are applying. .

(b) seven years' credit for registration as a professional
engineer in any state in any branch of engineering. °
(c) four years' credit for successful completion of an
Engineer-in-Training written examination in any state in
the United States. * C
(d) five years' credit for a masters or higher engineering
o degree from a school whose undergraduate degree is
accredited by Engineers' Council for Pfofessional
° Development (ECPD). See note below.
(e) four years' credit for a B.S. degree in an engineerin
curriculum accredited by ECPD. See note belaw. “ -
(f)* two years' credit for a B.S. degree, or equivalent, in an
" engineering curriculum not accredited by ECPD or for a B.S.

€

degree in an engineering technology curriculum accredited J//;

by ECPD. See note below.

H-1
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(g) one-half year credit for each year completed toward a B.S.
, ‘degree in an ECPD accredited curricula. See note below.
NOTE - To obtain credit for education you must submit a-gopy
of your degree diploma, or transcript.

HOW TQ APPLY - Obtain the application forms for the appropr1ate
branch(s) fram the Board's office locatéd in Sacramento. These
are available on request which may be made by letter or in
person. Complete the application, 'and the -two-part experience
record, according to, instructions. Attach your check, or money
order, made payable 'to "Department of Consumer Affa1rs and
mail -your complieted forms to the Sacramento address, 1006 4th
Street, 6th FToor Sacto., CA 95814.

NOTE: AIT port1ons of the application must be typewr1tten except
for your signature. .

REFERENCES - The application process for registration as a .
professional engineer in California calls for each applicant to
provide the Board with at least four references. These
references should be engineers who have persona] knowledge of
your character and your enggneer1ng exper1ence At least two
should be reg1stered professional engineers. (any branch, any
state) and the remainder should have expertise in the branch in
which you are applying. You should provide .at least one
reference for each’ significant engagement for which you seek
credit. Additional reference forms are ava11ab1e from our
Sacramento office upon request.

The best references. are these from your immediate supervisors -
and 'other supervisors who are engineers particularly if they
are registered profess1ona1 engineers. Engineering co-workers
and other associates in your organizations who are familiar with
your work are also quite acceptable. Less desirable and often
not very meaningful afe friends, acquaintances, professors from
your co]]ege days; and others who have only a general knowledge
of the. kind of work you do. References from'your subofdinates
should be.avoided unless they are nece$sary to meet the
requirements of the Board. .

" Blank referencé forms are prov1ded Give these forms to the

. se}ected references and ask each’of them to personally complete
and™ s1gn the form and to Yorward it. directly to.the Board. The
Board"s addre®s is 1006 Fourth St., 6thvFloor, Sacramento, CA
_95814. Ask each man 'to give the reference form his persona]
“Tattention, and to réturn it to the Board promptly so the
processing of the application may . not be deTayed. Your
application may not be acted upon unless.all references are

- submitted. This is an 1mportant part of the qualification

process. .




The Board asks the reference’ to provide information relevant to
your experience based on his personal knowledge and to express
his opinion on the questions asked. The information is

confidential to the Board, and is not intended for any other use.

The Board will review your application after the required
reference forms have been received. It is your responsibility to
see that your references submit the completed reference forms.
It is suggested that you furnish each of them with a stamped
envelope, addressed to the Board, so as to expedite his reply.
If the references have not responded within a reasonable period
of time after receipt of your application, the Board will advise
you of such fact. You should then follow up with a second
request. ) : .

EXPERTENCE RECORD - The record is to be prepared in Twaﬁbarts.
The first part 15 an engagement summary. The Board will provide
standard Experience Record forms with the application. Please
identify each engagement following graduation; or ieach
engagement beginning with the first for which you claim
professional engineer experience credit. . If an intervening
engagement is not qualifying--1list it, show the enclosing dates,
and identify it as non-qualifying. The total Experience Record
should be complete up to the final filing date with no gaps.
Each separate engagement must be summarized in inverse
chronologfcal order on the forms provided. (Your present
engagement is #1.) Supplementary information may be appended in
the form of letters, affidavits; exhibits, etc.

An engagement means one association with one employer in one
capacity. If you change employers that means a change in
engagement.. If you are promoted or change job levels, you may
show such & change as a new engagement even though you continue
with the same employer. This kind of change - implies a
sigpificant change in authority, responsibility, tgpction,

activity, eﬁc. —
The second part of the Experience RecOrd~must be prepared on 8-
1/2" x 11" paper supplied by yourself. The Board will identify
certain functional areas in connection with your particular
engineering branch. Select those functional- areas most
appropriate to your own: experience and develop each one
" separately. As an example: You may select from the master list
such functional areas as: appraisal, operations research, and
statistidal’ analysis as areas in which you can show significant
professional engineering accomplishment. You should write up in
detail your experience in each of these particular areas. Your
description should describe your activities, functions,
accomplishments, levels of responsibility, job titles, projects,

LI &
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etc., that will demonstrate to :the Board that you have had
qualifying professional level engineering experience in each
functional area identified. )

4
Your total Experience Record will now be a linear calendar record
listing in turn each engagement, plus a detailed description of
those functional areas that demonstrate significant professional
eng1neer1ng achievement. If you cannot shaw s1gn1f1cant
experience in a function--do not attempt to build a false image--
leave it out. - - .
Qualifying experience for professional engineer registration
means fuli-time employment or activity. It does not include
part-time or short-time employment, overtime, trainee or
orientation programs, technician or sub-professional levels of
employment. :

If you have experience in more than one branch, please refer to
Board Rule 424 in the Engineers ACt. If you plan to apply in
more than one branch or have already used some of your experience
to obtain registration in California, indicate c]ear]y what
portion of each engagement is app11cab1e to each branch.

ELIGIBILITY - The Board will appraise each applicant according
to his own achievements with respect to education and
engineering experience. Each applicant will be not1f1ed of the
official f1nd1ng of the Board.

APPEAkS - Applicants are referred to the current Board Rules for
the avenues open to appeal actions by the Board that may be
unfavorable. 4

~

REFUNDS - A1l application fees will be retaiped by the Board
whether you are accepted or denied. g

EXAMINATION - If you wish to app]y for reg1strat1on by

examination, please contact the’ Board affice in Sacramento for

forms and 1nformat1on

A ' \ .
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licensing was facilitated through’
at would make significant changes
The draft legiglation is

The Forum on engineering education and
the development of draft legislation th
to the California Engineering Licensing Act.
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PREPRINT SENATE BILL No. 17

jposed by Senator Rodda.

<+ July 14, 1976

. [ EE v

© An act to repes a_nd. add Chapter 7 (commencmg with
Sectionr 6700) of Division 3 of the Business and. Professions
Code, relanng to prof&sszonal engmeers, -and makmg an

' LEGED macouxsm.s DIGEST
Preprint SB IT proposed by Senator Rodda. Professmnal

engineers.

Existing law provxdes for the reg;stratxon of p;ofessxonal
engineers in various specxa{ty branches and- provides for the
regulation of such engineers.

would revise the definition of the terms * engineer, ’”‘profes-
sional engineer,” “engineering,” and ‘ engmeenng practace

: branghes_of_eng;neenng.’———«f—*—
/’% would add provisions regulatmg the conduc’t oF

professional engineers.

Registration for Professional Engineers by eliminating repre-
.. sentation from the’various branches of engineering. The bill
? would require the board to mamtam 4.standing committees,

examination. committee, and-an ethics review co

sional engineers investigation committees....— - -
The bill would create-an Engineering Adv1sory Comrmttee

which is advisory to, and appointed by, the board.
- . The bill would require any person.practicing engineering,
: as defined, to be registered including any person proféssing
to be an engmeer o is in responsible charge of engineefng

-4 ) 1-2

L Tfnsbdlwouldsubstanballyrevxsesuchprowlons Thebﬂl'

The bill would eliminate registration in the various spe- .

The bill would revise the membership of the State Board of .

including an engineer-in-training committee, ‘a re;;;sﬁranon ,
sittee.

The bill would also authorize the board to establish p\-ofes-,




pSBIT . —_

work. '
‘The-bill wauld revise various enstmg exemptions from reg-
istration. - .
‘The bill would. revise-the qualifications reqmred for regls- :
tration of a- professional engineer. - :
. The bill would make other vanous changes in. the law relat- .
ing to engineering. - . }
. The bill would appropnate an unspecxﬁed sum from the '
General Fund to the State Controller for allocation to local -
- agencies for rexmbursement oF costs mcurred by them pursu-
‘-ant to the act. =+ % - S i
- Vote: %. Appropnanon. yes. E”1scal coxmmttee yes State- '
mandated: local program yes. o y ,

\ f

' -TbepeopleoftﬁeStateof'Calszmzadoenactasfal]ows, .-

SECI'ION—L Chapter 7 (commencmg with Sect:on
6700) of Division 3 of the Busmess and Professmns dee
is.repealed. - - .
- SEC. 2 Chapter 7 ’(commencmg thh Section; 6‘3'00)
is added: to- Dwisxon 3 of the Busmess and Professmns : .
COde,toread- :'..‘-'.-_‘ " ; e, : r

Crmrmr T. PROFESSIONAL ENGINEERS . n
: ‘, - Artche 1 General Provxsxons ;g Vel
<11 v oA
12 6700; Thls chapter of the Busmess and Professaons ‘
X Code constitutes the chapter on professxonal engineers. It
, 14 may be cited as the. Proﬁessxonal Engineers Act. :
... " 13 6701." “Engineer, within the intent of this chapter, -
16 means‘a person Wf/ by reason of his special knowledge -
17 and: use of the- mathemahcal, natural, physical and
18 engmeenng ‘science and the principles and methods of
I9 engineering analysisand desxgn, acqmred by engineering
20 education and engineering expenence, is qua.hﬁed to
21 practice engineering. -
. 22 6702. “Professional engineer”, asusedm this chapter,
23 means a person who has béen -duly registered and
24 hcensed, as a professional engmeer by thé’board.

EwmQWMaw&w'
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6703. “Engineering” is the profession in which a
knowledge of the --mathematical, physical and
enginéering natural, sciences gained by study,
« experience .and. practice is applied with judgment’ to
develop way to utilize, economically, the materials and
forces of nature for the benefit of mankind. . - |

6704. “Engineering practice” - and ‘engineering;
work™ within. the intent of this chapter chapter shall
mean any service or creative work,, the adequate
10 performance of which requires engineering education,.
11 ‘training and experience in the application of special
12. knowyledge of the- ‘mathematical, physical and

en&@

© 00 ~1 O Ut s OO PO =

Lxy

ring sciences to suchervices or creative work as
' |14 consultation, investigation, evaluation, planning and
5 . 'design of engineering works.and systéms, planning the
6 use of land/and water, and the inspection of construction
7 forthep of assuring compliance with drawings and
}8 specifications; any of which, embraces such services or
19 work, either public or- private, in connection with any
90 utilities, structures, buildings, - machines, circuits,
1 equipment, processes,, Work - systems, projects, \and
induistrial-or—consumer products or equipment of
mechanical, electrical, hydraulic, pnéumatic, nucleat,
aero-dymiamic, or thermal nature, insofar as they inyoive

safeguarding life, health, property, public. welfdre or
public .good and including such -other tessional
services as may be necessary-to the planning, progress

and completion of any engineering servi
A person shall be. construed: to pra

ice or offer to
g and intent of
of the profession

claim, sign

this chapter who practices-any
of engineering;- or . who,
advertisement, letterhead, ‘car

T ‘
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6705. *“Area.. of competence” is that area of
engineering in which a person is, by training and
expenence, fully competent and. proficient.

6706. “Engineer in responsible charge,” within the
intent of,.this. chapter, means the: individual who
determines technical questions.of design, development
apph&ahon, cettﬂicahon or constructxon, or personally
supervises engineering work.”

6707. A subordinate is any person who assists a
10 registered professxonaI engineer in the practice of
11 professional engineering thhout assuming responsxble
12 .charge of work. * -

13- 6708. In' arder to- safeguard~ hfe, health property,

(]

W 00 ~I U 0 DD

14 . public welfare, and public good, all engineers in -

18, responmble charge shall. be licensed as professmnal

. 167 éngineers. Only persons registered under the provisions

17 of this chapter shall be entitled to take and use the titles
18 -“professional engineer,” or “registered engmeer, * orany
. 19 combination of such titles."

-20 . 6708.1: “Public .welfare” involves the general
o2k well-bexn the- public.

.92 .- 67082.: YPublic good”. mﬁl?es the unhzahon of

- 23 pubhc resources. . -
"'24 : 6709. The safeguardmg of life, health, property,
25 pubhc Welfare and public good is dependent upon the

« 26 engineer’s knowledge of the technical and nontechnical

27 parameters that' must be .considered in his- area of
28 competence m engmeenng prachce These parameters
.29 are:: - o

a1 Physmal science. - o Busxness adrmmstrahon

32 . Engineering science. Economics .
-—33 Design/applicaion * Law

34 Engineering technology - ‘Political science

35 Mulhdxscxphnary .. .. Social and behavwral

36 engineering . science

37  Professional.ethics . Biological systems v

38 ' Communication arts =~ Humanities/history -

-39

‘Systems management

‘ ) o0 5330 2
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Article 2. Rules of Conduct. * -

6710. In-order to }sﬂafeguarsi life, ‘health, property, -

public welfare; and public good, and to. establish and
maintain high. standards- of .moral conduct in the
profession- of engineering, rules of conduct are set forth - .
in -this article. Each engineer- shall :be: campletely
knowledgeable of these rules and the-board shall strictly-
enforcethem. ~ .. L5 T.o .0 T ;
.6710.1. ‘The engigeer shall’ at all times have the

highest regard for life, health; property, public welfare, ° - 3 °

and public good and shall always regard his duty to the
‘public as paramount. If his engineering judgment is
overruled in circumistances where life, health, property,

- public welfare, or public:good are endangered, he shall
" inform his employer or client of the possible-— -

consequences and shall notify the board and other proper
authorities this action: - ° : oo ' _
67102, The.engineer shall not.complete, sign; seal or -

_ stamp plans, reports, specifications or other engineering

documents that are not in accordance with his duty to :
saféguard- life, health,. property, public welfare, and
public good: Should the employer or. client insist on such

unethical; conduct, the engineet shall notify the board -

and othet proper public authorities and withdraw from _ .. -

further service on the project. EERE .
_If the employer or.client chooses to proceed with the

‘project,: the ‘engineer shall rotify the board.and other -
proper public ies @ - N :
The enginieey s .

a

this aetion. . .- -

(commencdi g with: 820) of Chapter I of Part 2 of
"Division 3,6 of Title’ e Government Caode. . "

3. '(a) No—eilifgyer shall discharge or in any

er discriminate against any employee because such
employes has filed aziy complaint or instituted or caused .
to be instituted any proceeding under or related to this
chapter or has testified or is about to testify in any such .
proceeding or because of the exercise by such-employee
on behalf of himself or others of any right afforded by this

- ﬁ . -
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chapter. ~ ' : R
(b) Any employee who believes that he has been
discharged or otherwise discriminated against by any
. employer in violation of this section may, within 30 days
after such. violation occurs, file a complaint with the
boagd alleging such discrimination. Upqn receipt of such
domplaint, the baard shall cause such investigation to be
made as.it deemns appropriate. If upon such investigation,

the board determines that’ the Pprovisions of this
subdivision have been violated, the board shall bring an

action in any appropriate court against such person. In :

any such action the court shall have jurisdiction for cause -

. shown to- restrain violations of subdivision (a) of this

@ 210 Ut b 0 00—

section and order all appropriate relief including rehiring
or reinstatement of the: employee to his former position
. with back pay. <ot L ;
(c) Within 90 days of the receipt of a complaint filed '
under this section the board shall notify the complainant
- of his determination under subdivision (b).. o
67104. The engineer. shall undeftake to- perform
engineering . assignments only when - qualified by
education_or- experience: in.-the. specific area -of
competence of professional engineering involved.
6710.5. - The engineer may accept an assignment
2 re%umn education or experience outside of his own.
26 field- of competence,. but only to the extent that his
27 services are restricted to those phases of the project for
28 which he is qualified. All other phases of such project shall
.~ 29 be- performed by -qualified associates, consultants or
30 employees. . oo P
31 * 6710.6. The engineer shall riot affix his signature or
32 seal:to any engineering plan or document:dealing with
subject matter to which he lacks competence by virtue of
education or .experience, nor to any such plan or
documlent net prepared under his direct supervisory
control. S s :
6710.7. The engineey shall express an opinion on an:
engineering subject only when his opinion is based upon
adequate knowledge. of "the facts in issue,” upon a.
background of techni/cal competence in "the subject

&
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matter; and upon honest gonviction of the accuracy and
propriety of his opinidm: v © - "

. 67108~ In- & -group discussien, public forum, or ,
publication. of articles; the-engineer shall insist upon the - :
use of facts in réference’to engineering projects. , -~ -,
Y767 67108 The’ éngineer shall not- issue statements, =+
oy

:7 ' criticisms ~or ‘arguments’ on ‘matters ‘connected with :
+ * 8«public- policy which- are:isispired*or paid for by private !
i+ g interests, , uniess: Be indicates:or.whose £he is” . .
£ 40° making the statemeRty oAt s e S e o L
~¥1:%: 6710.10; - -THe!".enginéer’ shall* conscientiously - avoid ¢+ ° d

-~ ~ -

. 12-"conflict of interest with his émployer-or:client, but, when
13- unavoidable, "the ‘engineer shall fully- “disclose- the \

: 14 %circumstances toshis.eniployer ‘or client.- " _- . . _.l
¥5°% '6T10:1k- The engineer shall inform his -client or
16, 'employer . of any .business connedtions,- interésts or
:17° circumstances .which would influence his- judgment or
'718- the quality of his services. SR T e e

19 671012 Whepiri public service asamember, advisor, !

. ©20- ‘or:eriiployee of ‘& governimental body-or departmeiit, the

¢ 2F *engineer shall rigt participate i considerations or altions
o - 29: with- respect; ‘to::sefvices, provided’ by him or his * .
‘93 organization in private engineering:practices. . . = .
~24: £ /6710.13,, The engineer shall not solicit or accept an.
.25 “engineering contract froma governmental body of which
--26%-a -prinicipal ot ¢fficer’ of his’ organjzation ‘serves as.a
9T ~mé&mber: i =}-:".gﬂ."";."“:':f‘f:;"."?"?‘?-":‘}I‘_f: P AR S
.-+ 28 "-6710.14."The engineer shall not accept compensation,
- - 20 *filancial’ of- othérwise, from more than ene party for
30 seryices'on the sime project, or for services pertaining to
. : 31 “the 'same  project, unless the_ circumstances -are fully’
@ 32 -disclosed to; and agreed to, by all interested parties. _
. " 733 ,76710.15. The engineer. shall not solicit or-accept .
..-*=% . . .34 financial or pther valuable considerations from material’
. - e 357Or equipnient suppliers for ‘specifying. their products.
_ 4= " 436" 6710.16. “Fhe engineer’ shall not solicit oraccept ".

~

* . 3T gratpities, directly or. indirectly, froni’ ®ntractors, their

-*: ' 3% -agents, or' other -parties. dealing with his. client “or e .

- 39.-employer i connection with’ work-.for which -he is

-
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-1 - 6710.17. The engineer shall not offer to pay, either .

2 directly or indirgetly, any commission, political

- .+ 3 contribution, or a-gift, or other consideration in order to °

. . 4 secure work, exclusive .of securing positions through -
i -5 employment agencies. . o owmE

1 6 6710.18.. The engineer shall not knowingly, associate '

. T with or permit the use of his name or firm name in a :

| 8- business venture by any person or firm which he knows,

: . -9 or has reason ‘to believe,.is- engaging in business or

.+ 10 professional practices of a fraudulent or dishonest nature.

11~ 6710:19. -If:the engineer has knowledge or reason to

. 12 believe that another person or firm may be-in’violation .

13 of.any of the provisions of this article, he shall present

.. 14 such information to .the board in writing' and shall .

! 15 cooperate ‘with the board in furnishing such further -

\ " 16 information or assistance as may be. required by the

]

: 17 board. _
‘.» 18 _,:: . . - ‘ - . .
19 -~/ Article & Administration - *

: 20 i * P . .

+ 21 . 671} . Thereis ig.the Department of Consumer Affairs
{ 22 a Stafe Board of Registration for Proféssional Engineers .
'© 23 which consists of 11 members appointed by the’.
. %4 Govemor. - . - . -, Towe@ ¥ e
.~ .7 . 23 The Governor mhay remove his appoéintments for
', .26 mis¢onduct, incompetend§ or neglect of duty. T
. 21 /6712, .Each-member o board shall be a citizen of -
) / . 28 the United States. Ea¢h member, except the-public ,
« + i 29 members, shall have been licensed for at least four years
7 30, and shall be of ggod"standing in his or her profession.
", b 3V Bach m&mber-shall be a least 30 yéars of age, and shall
© - i 32 have béen a resident of this.state for at least five years ,
, »"33" imimediately preceding his appointment. @ - 3
- " .{ /34 Three of the members of the board shall be' public *

. . : /35 members, who. are' not registered under this act or
P i/ 36 licensed pnder the Land Surveyors Act. . - . o
. "* 37 ‘Each'hember shall hold office until the' appointment ‘
e .38 -and qualification of his suceéssor or'until one year shall .
: 39 have elapsed sirice'the ‘expiration of the term for which’
40 he was appointed, whichever oceurs first. No person shall

2 ) ‘ v

-l \
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serve as a mBmber of the board H¥ more than two
consecutive terms, but this provision shall not apply to
ahy member in office on November 23, 1970. CoT .
6713. Each member of the-board shall receive a per
diem and expenses as provided in Section 103.
6714. The board shall have four standing committees
comprised of board members. The committees are the

_ Engineer-In-Training Comnmittee, the Registratioh

Examination Committee, the Education Qualification
Committee and the Ethics Review Committee.
_ 6715. Each standing commjttee shall copsi

beard members of which oné®member must'ke a public -
" member. . o g - . L :
6716. - (a) The Enginfieer-In-Training Committee shall

supervise the. engineer-in-training examination. _
- (b) The Registration Examination Committee shall be
responsible for the formulation. of the registration
examination. - '

(¢) The Education Qualification ‘Committee - shall :

evaluate curricula and-major factors affecting curricula in
order to.determine qualifying education programs.

(d) The Ethics Review Committee shall review
violations of Article 2 (commencing with Section 6710)
and recommend to- the board what action should be
taken. : o )

6717. The board shall appoint an executive seére}ary‘

at a salary to be fixed and determined by the board with
the approval of the Director of Finance.
6718. The secretary shall keep a complete record of

all applications for registrgti6n and the board’s action -

thereon and, between July 1-and December 1 in- each
even-numbered year, shall prepare a roster showing the
names and addrésses of all registered 'professional
engineers. Between July 1 and December l-in each
.odd-numbered year he shalt prepare a supplemental
roster showing changes in and additions to the roster.
A copy of the roster and the supplemental roster shall

shall be furnished® to each professional. enginéer
registered under the provisions of this chapter. Copies of

(433105 a2

be filed with the Secretary of State and a copy of each .
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"1 each shall be available on:-application to the secretary, at
- 2. such price per copy as.may be fixed by the-board. - .!
L3 6% The board may adopt:such rulesand regulations -
"', 4-as are not inconsistent. with:]aw and: 2%ze: reasonably, -
8. necessary to:govern its action. Such rulesand regulations !
, '-&.3hallbea'dopted‘in=‘éecordance‘grithﬁtbe provisions-of the
. - < . Administrative Procedure. Act, R IR I I A
- * .8, :6720.; The: bdard.,shall hold:-at- least. two~regular

741 % meetings: eaght:year:, Special imeetings shall be- held at 3
o W07 such times/as the Board. rules’ provide. *Notice "of all ]
N - " LI 'méeting¥'shall be-governed by board rule: A'majority of "}
© . 112 the-board constitytes.a quornm. ;. i AT R

-, 135 672].7 Any member.of thebpard‘may'adminisgeg_oatbs‘_ ]
-'}4., ands may" take:-testimony-. and: . proofs. concerning all: Lo

oo By mattergmﬂﬁntheboard’&jﬁnsdictidn. ool :".'ar"'-_ijépﬁ_': ';-v?-..';g
- ! - 16%-6722.;The board shall adept and-Kave-an official. seal "'
- '+ 7 which shall:be-affixegd to-all cestificates of registration. . .{"
. 18-, 6723, - (a): Ingarfying into effect the provisions.of this { -
" 19 aet; the board may sibpeena iitnesées and conipeltheir °} -
v . " 20 attendanice; and. also-may- Yequire sthe. submijssion of
d - 21, books; papers, docunients-,ogéothqg.pegtin'ent'data,in any -
- . 22, disciplinary matter, or in' any:case wherever a violation of -
3 23 .,this chapter.isalleged. Upon failure or refasal to-comply .
| .~24  withy any such order of the board; or upon failtire-to honor ..
©.25 "iis,ﬁlbpoen‘g, as herein provided, the:bpard may apply to-
. 26+ a court ‘of. any- jurisdietion to-ehforce- compliance with .
; " - 2T such order. . odoyin e RS S s O T S I
. 28 .. -.(b) The board r y.in-the narne of the state.to. apply
: ... .29 for'relief- by-fnjUnctiqn .in-_the " established manner,
: .- . 30.provided ‘in cases-of civik: précedure, without bond, to
4 31 enforce the provisions.of this.chapter,or to, restrain any
: 32" violation: thereof.;In sich: proceedings, it"shall not be
33 -necessatyto allege or'prave, either. that an adequate : .
L .34 remedy at-law- does’ not exist, 'or that substantial or
' - '35'-_irreparable:(damage_ wauld  result. from the gontinued . .
’ - 36 -violatipn thereof, The members of the board shall not be- .

o L 7. 'rsonal_fy:-li_able'uis_dér\'thi_s-ﬁrdceedings._ e S

- / .38 1?’!(Q),, The> boerd: may:. subject -an: ‘dpplicant. for )
. . <~ 39 registrationto su hékamixiat_ion§@s‘it-deems necessary to- . )
. 40 detenmne hfgqv‘;ahﬁcaﬁonszl e ,' TR " #
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- 7.8, 6TX).; The, bdard,shall hold-at- [éast. iwo- regular

’ . 30_ provided 'in cases-of civik: précedure, without bond, to

- 36 -violatipn thereof, The members of the board shall not be-
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"1 each shall.be a“'vax'lél.:le on-aépli&éﬁoﬂ ;o the sééteféf?,ét'?i
- 2 such price per copy as.may be fixed by the-board. . .!
3 6719.: The-board - may adopt such. rulesandregulations -

408 are not inconsistent with:law and.-as<are:reasonably, -

* 8, necessary to:govern its dction. Suck rules-and regulations :
. ~6&- $hall be adopted in‘aecardance: with the provisions-of the g
- ¢ . Administrative Procedure: Act, - -«.&.% . BTy

TRt Tegl an oy

- '11% . meetings:eachi:year:. Special meetings shall be- held at‘

4/ 107 such timesas*this;; Board. rules prévide. *Notice “of all ]

' - 1L 'meetings'shall be governed by-board rule: A‘majority of
»"12. the hoard-constitytes.a querem. - : - SRELE TR R

S X (P 672].:> Any. member. of th@bgard‘may'admmisteg.oaths‘ ,

. }4. . and<. may take: testimony. and: . proofs. concerning all:

+. 3¢ matterswithin the: board’s-jurisdiction, . e e e

© . 16+,-,"6722.:; The board shall adept -and-have-an official. seal "'
+ 17 which shall:be-affixed to all certificates of registration. - A

... 18+ 6723, “(a) In arfying into effect the provisions-of this { -

" 19 aet; the board may subpoena Witnesses'and cormpel-their | .
20 attendance;; and. also-may- require sthe. submijssion of |

- 21 books; paperé,-docunieuts;o;iotheppegtizrent'data,m any -

- 22 diseiplinary‘matter,or in’ any.case wherever a:violatign of.

23 ,this chapter.isalleged. Upon failure or refasal to-comply .

.*24 witly any such-order of the-board; or upon failvre-to honer ..

* .25 “its Subpoena, as herein provided, the:bpard may apply to. .

. 26+ a court of apy: jurisdietion:  to-ehforce- compliance with "
27 such order. . "o vt KGN i - o aotoF

28 (Y The board mayin-the na

-

o meh A ars

-in-the name of thé'éta}é: to. apply
. 28 for relief by-qutmctiqn .in-_the ' established manner
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 3L; enforce the provisions.of this.chapter,’or to restrain any
" 32" violation: thereof.;In- such: proceedings, .it"shall not be
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33 -necessaty: to allege or’ptave, either: that an adequate
.34 Temedy at-law does' riot exist,'or that substantial or ‘
35'- frreparable: damage would  result. from the comtinued -

37 personally liable undér this proceedings. ... ¢ -
.38 I'L?’!‘(tk).f. The; board: may'. subject_ 4n; ‘dpplicant. for _
-~ 39- registration to su h.ekamixiattjon§.gs‘it-deems necessary to-
. 40 determme h{squaliﬁcaﬁqns;l :.;'.;.v s, .' R e .
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Article 3.5 Investigating" Committees

6725. The board, when it deems necessary, may
\,estabhsh professional engineers investigation committees
-to assist the board in the investigation of claims of
violation of any provision under this chapter. Each.
committee shall report its findings and recommendations

to the board. Any.member of such a committee may act
as an expert witness at a hearing conducted by the board
when the hearing is conducted as, a result. of the
committee’s investigation. . 8

Each committee shall exlst s0 long as the board deems
that it is necessary. -

6726. Each “rhember of each comxmttee shall be
appointed by the board and shall serve at the pleasure of
the board. Each committee shall be composed ofnp more

_than five members. .
6727. At least one member of- eagh mvestlgatmg
- committee shall be a public hember.

6728. At least_two members of each investigating

_ committee shall be an expert in the -area of engineering
that the committee is investigating.

- 6729, All the members of each committee shall serve
without compensation. but shall receiye per diem and
expenses provided in Section'103.- -

6730. Each member of each mveshgahon committee

shall be granted the same/immunity as is granted to a

public employee pursuant to Article 3 (commencing with

Section 820) of Chapter 1 of Part 2 of Division 3.6 of Title -

1 of the Covermﬁnt Code

Arhcle 3. 7 Professxonal Engmeers Rewew
. ~Comm1ttees .

6731 The board when it deems necessary\ may

- establish professfﬂrtal engineers review committees to
-hear all matters assigned by the board, mcludmg, but not

limited to, any. contested case' which is‘assigned by. the
board. Each committee shall exist sa fong as the board

deems that it is necessary..
. ‘ -

45 3 150 41
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1 '6732: Eachreview committee shall ¢consist of no fewer
2 than two registered professional engineers and no fewer
* 3 thanone public member. Appointments shall be'made by
.. 4 the board. Each member of a committee shall have the
!5 same qualifications and shall be subject to the same rules ;
6 and regulations as if he were:a member of the board:
7 6733. Each member’ of each committee shall be :
. . & -appointed by the board and shall serve at the pleasure of -
‘9 _the:board. Each committee shall be composed of na more
10 than fivemembers, ~ o oc. ULt
1 -6734. All members of each committee shall’ serve
" 127 without compensation but shall receive per diem and °
IS .expenses as provided in Section 103. T
- 14 +7*6735.: 'Each member of each investigation committee’ -
.. 15 shall be' granted the same immunity as is granted to a
16 -public employee pursuant to Article 3 (commencing with
17. Section 820) of Chapter 1 of Part 2 of Division 3.6 of Title.
18 1 of the.Government Code. - ;
. 19 " -6735.5. Except axotherwise provided in this article, all .
'+ 20 “hearings which are conducted by a committee shall be -
21" conducted in-accordance: with-the provisions of Chapter .
./ 22 5 (commencing with Section 11500), Part 1, Division'3, .
23 Title-2 of the~Government Code. o=, .o
24  Ifacontested case is heard by a committee, the hearing
25 officer. who presided at the hearing shall ‘be.present .
26 during the committee’s consideratiort of the case and, if
27 requested, shall assist and advise the committee.
28, 6736. -At ‘the conclusion of any hearing which is
29 conductéd by a committee, the committee shall prepare -
30 a proposed decision, in such form that it may be adopted
31 by theboard as the decision in.the case, and shall transmit
32" it to the board. The proposed decision shall be subject to, -
33 the same procedure as the proposed decision of a hearing.
.34 officet under subdivisions (b) and (¢} of Section 11517 of
35 the Government Code. Lo
36  67365. The board may adopt, amend, or_repeal, in
37 accordance ' with the. proyisions of Chapter 4.5.
38 (commencing with Section 11371) of Part 1-of Division 3
"39 of Title 2 of the: Government Code, such: rules and
40 regulatiops as are necessary to implement this article.

453160 43
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Article 3.9. <Eng1neermg Adv1sory Cormmttee

-

exchange of views among those concerned: with they '
- practice and education of the engiiieering profession .(2)

California as they relate to the engineering prc{essnon (3)
to examine- educational ‘- programs ~ and " licensing
requirements in light of such concerns’ and (4) to make :
10 recommendatiors to the board based: upon the advisory .-

© 00 1 PG €2 1O

.11 committee’s exammahon of educatxonal programs and -

12 licensing requirements.

13. +6737.1. - There is. hereby created an’ Eng1ﬁeenng :
14 Advisory: Committee which - sha'll be adv1sory to, and
~ 15 .appointed by, the board. .-

16 67372 The Engineering Advxsory Commtttee shall

17" be appointed by-the board and shall consist of the

18 following representatives: .

19 . (a) One. engineering educator : each from the
Umverszty of California, the California state universities
angcolleges, the California community colleges, and the
independent Californiz universities and colleges;

(b} Two engmeenng students mth upper dmsxon
standing .
(e) T&o récent engineering graduates that have been
ot of school no longer than three years and' have been
‘actively empldyed as epgineers, two senior experienced
‘engineers having practiced: engineering for at least 10
years, and two employers. of engineers. These persons
shall be appointed by the board and shall -be selected
‘from the following areas-of engineering practice: high
technology, consumer products, consulting, construction,
and government or public works. The board shall appoint
at least one person from eacb. of thesé areas of

engineering practice; .. -
{d) The. chairperson of the Engmeenng haxson
Committee of the Articulation Conference;
(e} A member ofa Cahforma professmnal engmeenng
) socxety, . e
(fP The Presxdent o£ the Board of ‘Registration for t

e

v " 453170 43
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6737. ’I‘he intent of thxs artu:le is (1) to prowde forther -

to-identify the major needs and concerns of the people of
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L : Professional Erigineers shall be an ex .officio member of
2 the Engineering Advisory Committee.
» 35 6737.3. Except for the members first appointed, the
4- terms of the committee shall be for two years.
. "9 . 61374, The terms of the committee shall be
. .» 6 staggered. Theterins of the first appointed members of
7 the committee shall be as follows: . 9

8."- . (a) .-The California state universities and.col.leges and. -

.9 “California community ¢ollége educators shall be
-10 - appointed for two years and the University of California
. 11  and the independent colleges and university educator for

.12 oneyear. .. .. . .7 e
13 (b) One student shall'be a junior and the other a
14 senor. Each student appointed thereafter shall be a
15 jumior. * . .o LE - -

16 " (c). One-recent_ engineering graduate, one senior
" .17 experjenced engineer and' one employer of engineers
18 shall be-appointed for one year. The remaining three

19 appointments shall be ‘appointed for two years. oo

20- . 67375. . The advisory committee shall be assigned
21 personnel and services as needed, . . .. .
22 67316. - The advisory committee shall meet ‘at least
23 twice a: year. Additional meetings shall be held as
24 requested by the board. . . L

25 - 6737.7. The engineering advisory committee shall: -

yCalifornia as they relate to the engineering profession.
ine existing and proposed professional education

observations to the: Education Qualification Committee;
(2) Develop | recommendations* for  program
evaluation criteria and submit these to the Educational
Qualification Committee; - - -
(3) Define job market parameters which affect future
engineering manpower requirements and submit’ these.
observations to the appropriate standing committees.

education programs to be submitted to the Education
Qualification Committee; e v o
" (5) Formulate- counseling criteria for the. four

FTEPPTETEPTT
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(1) Identify major needs and concerns of the people.of -

rograms in light of these concerns and submit their -

(4) Develop criteria for staff analysis of engineering
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segments t6 increase student awareness of the-education
and practice tequirements of a career in engineering.
- Submit .the criteria ,to the. Education Qualification
. Committee; .* % - o H, Nees  cx v U
. (6) Prdvide recommendations for basic minimum
requirements for- engineering practice ‘and subrit these. *
. recommendationsto the b¥ard; ~ - .+ SPEA
- T'& " (Ty Assist the: EIT and Registration: Exam Co
" @7in. the formulation-of exams; ..~ wie -c oL
10: =°:(8) Establishva close liaison-with professional soeieties; -
LE: . .{9). Take a:-leadership . role: in -the promotion of .
. 12" professional “development -of ‘registered -engineers;
*, 13;-evaluate programs;: methodssiof funding and -service - %
" M;-delivery systems and techniques; " ;. - 7 Nelgieeel . -
- .15~ (10y Improve . communications: - with ~ registered .
16:-engineers; and(- : . w&- S g ir Tt L :
.17 (1L) Undertake periodic. surveys to maintain current
18-~ demographic ‘information peftaining. to the -registered
19: engineers.” i . . Tl RS TEt SR T
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93. - 6738. Im.ofder.to saféguard life, hiealth, property and
24 public welfare; and; public goed;.any person, -either in a
25 :public or- private. capacity, exeept as in- this- chapter,
926 -specifically excepted; who practices, or offersito practice,
" 97 - engineering, in this state, shall: submit evidence that he
<. 28 is qualified to : practice;.and: shall be reigstered -
. 29 ‘accordingly as an engineer.by, the'board. | T -7 17
.30 /67385 It is unlawful for anyone other than a
- 31 . professi engineer. registered under this chapter, to
. .32 stamp or<seal any: plans, specifications, plats, reports, or
. 33 other documents with the seal or stamp of 2 professional
34 : éngineer, or to.in any manner use the title."professional -
. 35 engineer,” or “registered engineer,” or. any combination .
36 of such words. and.phrases-unless registered hereunder:
37" 67139. It is unlawful for anyene: to. stamp or seal any
38 plans; specifications, plats, reports, or other doeuments
39 with the seal after the certificate of the registrant, named
" 40 .thereom, has expired or has been suspended or revoked,
§ - - / . ..'.. T ;}C«:."': . A b .

e - 453190 49
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unless the certificate has beqn renewed or reissued.
6740. Any person practices engineering when he,

professes to. be an engineer or is in responsible charge of °

ineering work. . - S .
(6740.5. All engineering plans, specifications;, reports .
r documents shall be prepared by a registered engineer -
dr by a subordinate employee under his-direction, and
shall be signed by hin{ to indicate his responsibility for

them. In addition to. his signature; -he shall show-his
registration number or -the. stamp of his- seal:> The

or seal,.the title “professional engineer.” - - - .

- " 6741. -Nothing in this act shall be construed to prevent -
the practice of any oth_er,'prc_)fession, the practice of which - ‘

is defined by law. - © .

. '6745. - (a) This chapter does not prohibit one.or more.
engineers from practicing or offering to practice ™ -
-engineering through the medium of a.partnership, irm -
* or corporation; provided:, - . -

N Lo
(I) Anrengineer is the partner, member, or directing:

officer in charge of the engineering practice of the
" partnership, firm-or corporation. . Ce e Y

(2} All engineering plans, specifications, and re’port.;r .

"are- prepared by or under the direct supervision of a

registered" engineer. in. the appropriate area of.
competence, who shall sign or stamp with his seal such
plans, specifications, and'reports. -~ . - :

#3) The partnership, firm.or corporate name shall not.

. contain’ the- name of any- person who is .either not

registered by the-board as an architect, or of any person
who is not registered as a geologist under. the provisions
of the Geologist.Act (Chapter 12.5 (. encing with

‘Section’ 7800); provided, that any holding out by -such

partnership, firm, or corporatfon of any individual or
individuals to the public as a member, or members, of .
such partnership, firm, or corporation, other than by the
use of the name or names of such individual or individuals
in the partnership, firm, or corporate name, shall clearly
and specifically designate the license status of such
individual or individuals. : . B “
LN

registered engineer shall use together with his signature *

“@
v

. ‘ £
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" 5. a professional engineer.. .

39 individual, firm, partnership or corporation. C
. . ) . .’ . ) . ) - L

o M . . P . Gy wee e® el

1 (b) Nothing herein shall authorize the offeriné éo
2 practice or the: practice. of engineering by any Rersons,

3. either as a member,  officer' or employee of any.

4 partnership, firm, of corporation, who isnot registered as
6 . (c) This. chapter does- not pre;ven.t or px;ohibit an
7 individual, firm, company,; association or corporation

8 engaged in any line of business other than the practice of -

9 ‘engineering: from_gmploying a. registered engineer to

10 . perform - the corresponding - éngineering services

11 .incidental to the conduct of their business. -
12 . 6748. Officers and employees of the United States of

13 -America practicing solely as such: officers.or employees -.

14 are exempt from régistrationunder the provisions of this
15 chapter only insofar as their activities in o way affect the
16 life, health, property, welfare and good of the citizens of
17 California. b are o .

18 6749. A subordinate to & professional " engineer

19 registered under this chapter, or a subordinate to an
20 engineer exempted from registration under this chapter,
21 insofar as he acts solely in such capacity, is exempt from

29 registration under’the provisions of this chapter. This .-

23 exemption, however, does not permit any such

‘. 24 subordinate to practice engineering in his own right or to

25 use the title, f‘p{ofessional engineer” or, “registered
26 engineer.” . Y : '

27 6752. This chapter does. ‘not  affect. Chapter- 15 -

98 (commencing with Settion 8700), relating to surveyors,
29 except insofar as this chapter- is expressly made
30 applicable., .

31 - 6753. This chapter does not require registration for
‘32 ‘the purpose of practicing engineering, by an individual,
.33 a member of a firm or. partnership, or by an officér of a

34 cerporation on or in connection with property owned or
35 leajed . by the individual, firm, .partnership, or

36 corporation, unless the - engineering work to be -

37 performed involves the public health, welfare, safety or
38 good,.or the health and safety of employees of the

;e
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AY
[
Ve wm e wes iR e e e S A AT \"\."W’ o)
- . 3 ‘-"’ ., oo .. “ . 4

1]
'

.

. Article 5: Reéistratio,x'x

1
2 . ‘..,\‘,-.'\.. - P s S
3 .6755.. An application for registration as a professional -
s 4 engineer or certification as.an enhgineer-in-training shall
. & be made to the Board on tféﬂ form prescribed by it:with |
;"6 all statements therein- made under oath, and.shall be
-T accompanied by the application fee fixed by this chapter. -
8.. 6755.5. . An applicant may become registered through
. ~ 9 .any One of the:following three alternatives: -z - .. o
. ~10 - (a) .Exmriené&angﬁammaﬁon. T A
B § SRS 42 'l‘ﬁeapph’éant' all bave four years of enginee
" -12 'work experience. Y & L v n d '

..,
X

L

b
Y
"

[

v "7 13.+(2) The applicent’ shall successfully completé the’
. T~ 4 engineer-in-training-examination. * . -~ - ‘>

R O O L JURCNE

A
* & 15 (3) The applicant shall have two: additional. years of
- . 16"-engineering work experience.. .’ : . Dowezet 7 N

I7  (4). The applicant -shall -successfully. _complete the
registration examination. - 7 el e s . s

. (?; ‘Gradiiation-and examination, .-~ - . %!
> (Iy-The:” - applicant : shall graduate fromr. ‘a
board-approved education’program.. - . % ¢ gy e S
. (2) -The erigineer-in-training examination is waived
upon’ graduation. from -a beard-approved ‘education

i

determined by the board. - - <. BN

(3) The applicant shall successfully complete - the
registration examination. .. I S
- {(¢) Comity. .= ... A _—
* (I) The board shall grant registration to- engineers

JeE . .._-. . - . 4:

similar to or more exacting than California requirements.
6756. Each :year . of -study completed without

BeERRNERRRRES S,

34, curriculum has been approved: by the. board shall count
.35 as one-half year of experience, except that applicants for
36. engineering registration shall not recejve credit for more

37 -'than four years of experience because of undergraduate

38 educatjonal qualifications: The board may at itsdiscretion

39 consider grdduation in a. nonaccredited engineering

+ 40 curriculum, as equivalent to not more than two. years

PWQM,;SIth'a-minimum'f'grgdgl point a&ex;gggi to be .

‘. registered invstates where registration requirements are .

"y + 33 _graduation in an engineering school gr college where the -

> .
.« .

>
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experience.. _ e - e
"6757. " The: board may consider - the ~professional
experierice and education acquired by-applicants outside
the United States: which it the opinion of the board is
equivalent to the minimum requirements off the board *

education in this state. ** .7 . I
6757.5. The board shall by rule establish the ¢riteria to
be used. for approving'curricula oféchools of engineering. ,
10 6758. With respect ta. applicants for registration as/

<

11 professional engineers, the board may: -

oqow&m.wf-;

“-12  (a) At its'discretion give credit as experience not in

13 excess of ane year, for(satisfactory postgraduate work in

14 a school of engineering where the curriculum has been:

15 approved by the.board. =~ = .- - R
- . (b) Consider engineering teaching, if of a character .

17 satisfactory'to the board; as engineering experience.

18  6738.5. All applicants shall be given e?ﬁéredit for

19 engineering experience in the armed fo of United

1)

established by, regulation for professional experience and '

: |
.
-
* ~

™

o=

20 States .as with  any - other comparable ‘engineering -

21 experience: . . e :

22 - 6759. 'Examination for registration shall be held at
23 such times and places ds the board shall determine. *
24 \ 6759.5. '(a) The registration’ examination shall consist

25 of two eight-hour sections and sh: of the nature that

26 engineering experience-on the part of the applicant will -

97 be required iniorder to pass both sections of the .

28 gexannn' ation, The two sections of the examination shall
29 . . AN o S
30 (1) Settjon I: Computational engineering concepts—-
31 - tests for proficiengy in engineering technical areas;
32  (2) Section II: Brofessional practice—comprehensive
33 examination of the application of technical knowledge
_~yithin technical and nontechnical ‘parameters of
gineering practice: _ -
3% ’ (b) The purpose of the registration examination is to
37 establish hminimum. qualifications for. a registered
38 engineer. Both sections ‘of the examination. shall be
39 equally weighed and the applicant must pass both
40 sections in order to become registered. Each section shall

PO . AU
- - . 7 '.»'. * v ..
} . 433235 W
1-30
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at least ei hours in length and both 'sections must

be
be: taken wi a: reasonable period of tune to be ‘

6760. An applicant for - certxﬁcatxon ‘as " am.
engmeer-m-trmmng shall, upon making a passing grade

6 in the examination relathg to fundamental ‘engineerihg
. T " subjects; be-issued a certificate as an engineer-in-training.

1
2.
- 3" ‘established by the board.
~ 5.

<& No renewal or other fee, other than the agphcanon fee, .

9 shall be charged for this gcertification.. Such- certificate.
10 _shall become invalid when the holder has“quahﬁed. asa
11" professional engineer-as provided in Sétion 6755.5. -

- g 6760.5. An engineer-in-training’ certificate 'does not

authonze the-holder thereof to. practice or offer to
- K practice engmeenng or to assume responsible charge of
I5. engmeenng work, in his own nght or to use the title
. 16. :specified ir Section 6738, - i

~*I7 ‘676L. " An applicant faﬂmg in an exammanon may be
" 18 “examined again upon filing a new application and the

. 19- ‘payment of the application fee fixed by this chapter.
= .. 20 67615 'The board, upon application therefor, on its
" -2I' prescribed form, and the payment of the application fee

22 fixed by, this ¢ chapter ‘which fee shall be retained for the
23- board, may issue "a certificate’ of registration as a

o4 profmonal engineer, without' written examination, to

25 . any: pétson holding a certificate of registration issued to

© .26 him by any “state or country when the" applicant’s,

o quahﬁCatxons meet -the requirements of this chapter, as

28 -specified in. Secnon 6735.5, and rules established by the
29° board. :

.+ 30 - 6762. A tempora:y authonzanon for the practice of
" 3T .engineering may be granted, for a specific project, upon

.. 32 "application and payment of the fee prescribed in Section

33 6773.5 for a perjod not to exceed 60 consecuhve days in
34 any calendar year; provided:

35 (aj The applxcant mamtams no place of l}ysxness in thls
‘36 state. . |

37" '(b) The apphcant is legally quahﬁed to prachce that
38 “branch-of engineering in the state or country where he
39 maintains a place’ of business. . - .

40 (c) The applicant demonstrates by means of an

¢ — -
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individual appearance before- the board sansfactory ‘
evidenge of his knowledge of the application of seismic
forces in the.design of structures or adequate knowledge
:in any of the othet phases of professional engineering for
which the applicant -proposes to practlée under the
temporary-authorization. - )
i) If the applicant can satisfy | the d that Eor the-
pletion of the specifig- projéct’¥for which the
~authorization is granted, will require more than 60
consecutive calendar- days, the: board may extend the
3taxthonzatmn tea penod not to excee& 120 consecutlve
ys. - L e e - L.
.; .Upon corhpletion’ of - these reqmrements as nece;sary ,
- the secretary on direction of the- board shall xssue a
temgorary authorization to the applicant. -

- 67625. In determining the .. qualifications of -an
apphcant for tegxstratmn, a majonty vote of the board is
required. - :

6763. Any apphcant who has passed the exarnination
and has-otherwise qualified heretinder as a professional
engineer, shall have a certificate of regmtratxon 1ssued,to
him as-a professional engineer. .. =

6763.5. Ifan applicant for registration as a profess:onal
engineer is found by the board to lack the qualifications

.25 required .for' admission. to- the' examination for such-
26 tegistration,. certification, :or authorization, the board
.27 shall, notwithstanding the provisions of Section 158-of this
98+ code, refund to him, one«half oP the amount of hxs B
.29 apphcatlon fee. - e
30 ..6764. Each professxonal engmeer reglstered under .
31 -this chapter may, upon-registration,.obtain- a seal of the
32 design authorized by the board bearing the x:egxstrant s
33 name, , number of hxs cemﬁcate, and the legend
34 professxonal engineer.” :

35 6765, A.duplicate certificate of reglstratxon toweplace-
36 one lost, destroyed, or mutilated may be issued subject'to
37 the riles and regulations of the board. The, duplicate
38 certificatefee. fixed by this chapter. shall be c&'xar -
39 6766. ‘An unsuspended, unrevoked and unexpxred
40 . cemﬁcate and endorsement of regxstry made under t}us

wmhmmpwmh
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chapter, is presumptive evidence in all courts and places
that the- person named therein is legally registered.

6770 The board may  receive ‘and investigate

7' complaints against registered professional engineers, and

8 make findings thereon. . e e

9 By amajority vote, the board ‘may reprove, privately or_°
10- publicly; or may,suspend for a period. not to excged two
11l years,.or may revoke the certificate of any professional -

12 engineer registered hereunder: S S
13 - (a) Who has been convicted of a felony, arising from

14 or in connection with the practice of engineering, or of - -
15 a crime involving moral tiurpitude, in ‘which case the ,
16° certified record of conviction shall be conclusive
1T evidence thereof. O S
18 . (b) Who has not a goed.character. e Co
19 (c) Who has been' found' guilty by the board of any -
20 deceit, misrepresentation, violation of contract, fraud, °

* 2L "negligence or incompetency in’ his practice. C
- 22°  (d). Who has'been found guilty of any fraud or deceit

in obtaining his certificate or violation of any provision of
this chapter.. "= = . ST Ty T
(e) Who aids or abets any. person in the violation of
any provisions 6£'this chapter. C S
(f) Who violates*any provision of this chapter - . -'.
6771." The proceedings.-under this article shall be
condueted in accordance with Chapter 5 of Part 1 of-
Division 3 of Title 2 of the Government Gode, and the
board shall liave all the powers granted. ' B
6772 The - board . may reissue a certificate: of .
registration, certification, or authority, to any person.
-whose certificate has been revokedaif a majority of the
-members of the board vote in favor of siich reissuance for
reasons thetboard deems sufficient.. s,
- 6713..'A plea or verdict of guilty or a conviction
following a plea of nolo contendere made to a charge of
a felony is deemed to be a convic®n within the meaning
of. this article. The board may order the certificate

-~ v
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- 1. suspended or: revoked “or may dechne to “issue "a

2 certificate, when the time for appeal has.elapsed, or the

< . 3 judgment of convietion has been. affirmed on appeal or
. . 4 when. an order. granting probstion is made suspending'

5 the:imposition: of Sentence; ifrespective-of & subsequent
- 8. order under the provisions,of:Séction 1203.4 of the Penal
7. Code-allowing sych person to withdraw his plea of uilty
,& "and to. enter_ a plea: 6f not guilty; or.setting aside the

.ve:dxctt .o& <guilty; s for:- dismissing . the. saccusation I, (

- _DL.HN:.N-.:;-;:N.‘,—; ‘", ‘.. .t Y 1 B

. v el T ur B8 i .,.\‘ _’.7‘- R
’ 'ﬂf’?”n- wh g AR ¢
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| have ithe: power; duty, and
£ thi
1"\\Iatt@n,s thepmvx;tonso s

"’j mf\t’f;xl N ~ﬂw, i3, ’)

e*fespectxva officers charged

. 15 authontrtomveSti
16,.ehapter. a w
1T . 6776. - l'ti‘s Sthe. dutyof
.18 with theuenfotcememv, ‘of laws .and ordinances . to
‘19, prosecnte atF pmomc&rgedmth the vxolat:on of any of
+20 . the ‘provisions’of this.chapter: ;.

v =

21 I w»the duty of the: secretary of thé’ board, under the
22" direction. of; the-Wdard, .to. aid. sich, ofﬁcers in the -
enf'orcemenb of this chapter..«... *3; &
24 7" 6TTT.  .Every person, wg\nlty al—rmsaemeanor and for
25 each.offénse of which he is conviéted.is punishable by a. -

- ?l'f\ o b

L 26. fine of not more than five hundred‘dollars ($500) or by

.27 imprisonnent not to exceed- ﬁxree months, or by both
28 fine: and. impri ent-.-,,,.,, e
‘29, * (a)-Who, unless he is-exempt- &om reglstratxon under .
30- “this chapter; practices or offers to: practice engineering in

. 3L this state.according to the provxsxor;s of“ tlbxs chapter
32 without legak duthorization; *.; 2 -
+334,. - { file as Jns oWn ‘the

._‘ ,.\-‘

~w

= "i"qu‘s

: Who: presents. or: attempts 40,

_(¢)- Wha gives false evidence of any kind to the board

36 or to-any member thereof in, obtammg a certxﬁcate of
tegistratxon. v iy TR L

38 ... (d), Who- unpersonates or. uses the seal of any ‘other

. 39 pmctxhoner.» "L

nl—
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g Who shall represent himself as, or use the title of, -
registered. or professional engineer, or any other title -
-whereby such person éould be considered as practicing -
or offéring’ to practice engineering, unless 812: -is
1eer,

.
Y

correspondingly qualified by registration as an en

under this chapter. ;. - - .

. . (8) ‘Who, unless appropriately registered, manages, or _
conducts as manager, proprietor; or agent,, any place of .
* 10 business.. fromt which . engineering work .is. solicited, :
11 petformedqtpracticed.',': LR A
12 ;. (hYWho uses the title, or any combination of such

13 .title, of “proféssional engineer;” “registered engineer,”

N A - L

s,--c.

~14" or “engineer-in-training,” ‘or ‘who makes -use of any "

.*15 abbreviation of such title which might lead to the belief

I6 .. that he is a registered engineer, without being registered .

. -IT asrequired by thisaet.. .- =~ .~ . 7 !

- 18 _. (i) Who violates any provision of this chapter. a
18 700 P e s A

)
.o s
% - a. Y.

20- ©r % ... . "Article 8. Revenue - . ... .. °

< l21.‘

22"  6780. Certificates of régist;'atidxi as a professional
23- engineer, and certificates -of. authority expire-at 12
24' midnight on June 80 of.each even-numbered year, if not

. 25 renewed. To. renew. an ‘unexpired certificate, the

“

p _

- certificate ‘holder shall, on or before June 30: of each
.evén-numbered ‘year, “apply for renewal on a form
prescribed by the board, and:pay the renewal fee
prescribed by this chapter. * - ‘ T

 6781. Except as.otherwise provided in this article,
certificates of registration as a professional engineer, and
certificates. of authority may. be renewed at any time
- within five years after expiration on. filing of application -
for.renewal on a form prescribed by the board and
.payment of the renewal fee in effect on the last
preceding: regular renewal date. If the certificate is
Tenewed. more than 30 days after its expiration, the -
certificaté holder, as.acondition precedent tv, renewal, -
shail also pay. the delinquency fee prescribed by this
chapigr. Renewal iinder this section shall be effective on

 EBEHRR P RRe SR
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the date on which theyapplication is filed, on tbé date on
which the renewal fee pa'id, or on the date on which the

delinquency fee, if anyyis paid, whichever last occurs. If
5o renewed, the certificaté shall continue in effect

through the date provided in Section 6780 which next = -

occurs after the effective date of the renewal, when it
shall expire if it is not again renewed. - L
6782. A suspended certificate is subject t& expiration
and shall be renewed as provided in-this‘article, but such
renewal. does not entitle the holder*of the certificate, -
while it remains suspended and uritil it is reinstated; to
engage in the activity to which the celtificate relates, or -

- in any other activity or. conduct in violation of the order
- or judgment by which it was suspended. CoT :

. 6783. A revoked certificate is subject to expiration as
provided in this article; but it may not be.renewed. If it
is reinstated after its expiration, the holder of the °
certificate; as a condition precedent to its reinstatement, -
shall pay g reinstatement fee in'an amount equal to the '

* renewal fee in effect on the last regular renewal ‘date

before the date ‘on’ which it is reinstated, plus the

' delinquency fee; if any, accrued at the ﬁmi of its

revocation. ST - R S i
" 6784... Certificates  of registration as a professional
engineer, which are not renewed within five years after
expiration ‘may not be' renewed, restored, reinstated, or.
reissued thereafter. The holder of ggch certificate may.
apply for and obtain a new certificate;, however, if:

(a) No fact, circumstance, or condition exists which, if *
the certificate were issued, would justify, its revocation or

-suspension, AR

(b) He takes and passes the examination, if any, which
would be required of him if he were then applying for the
certificate for the first time, or otherwise establishes to
the satisfaction of the board that, with due regard for the
puglic interest, he is qualified to practice engineering,

(c) He pays all of the fees that would be required of
ﬁhi? if he were then applying for the certificate. for the

t time: ’ _— R .1
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The board may, by regulatxon provnie for the waiver '
or refund of all orany part of the applicatxon feein these :
"cases iir which -a certificate. is. issued ' withouit an -
'examination pursuant to-the provisiom of ‘this section. :
6785 “The department. shall receive and account for '
.alkmoney derived from the operation-of this chapterand, :
_at the end of each month, shall report such money to the *
" State Conti'oller anid shall, payitto the State 'l’reasurer, .
.- whia shall keep the money in:i 'separate fund known as |
mehwmmMEMMQuanTMHMdmmbe
]_:1 expended in accordance with faw for the payment of all ;
‘12 actual and niecessary: éxpenses mcurred m can'ymg aut
.~13: the provisions of this chapter. - 1 \
. 14" - 6786. : The'department may make reﬁmds of allfea m
o ,;15 accordance with Section 158, - -
+-16__ . 6787 The amount of the foes prescnbed by thxs
1T chapter shall be fixed by the bOardm accordance thh the
.d&ﬂhmmme& BT e VR e 3
(a} The:feefor ﬁling each appﬁéapo:x for reg:strahon :
20 as a professional engineer at not:more: than sixty dollars '
o ( $60), -and: for each.. application “for - certification as-
engineer-in-training at not more thari forty-dollars ($46). -
(b) The duglicate certxﬁcate fée at not more than svz
. douars (ss) B ,(_ R .,A '-.» PR ,\, S
(c) The temgom’y registrahon fee fot" professxonal
Iengmeer at not more: thamtwenty‘d ($20)-" {
(d¥ The renewal fee for professional engineer shall be*
ﬁxed by thi board dtnot more than twenty.dollars (320). _
._(e): Thedeliriquency fée for a cértificate which expires
h%ﬂmdﬂﬂﬂhmummuwﬂmw reent of the
renewal fee in effect.on’ the date-of its reinstatement. ;
mc&.ﬂmmmﬁ “'ﬁﬂﬁ”&_q_)w
hereby appropriated from the Ceneral Fund to the State .
Controller for allocation -and™ disbursement .to local
agencies pursudnt to Section 2231. of the’ Revenue and *
Taxation Code - to rexmbun§ such’ agencxes for costs ;
mcmredbythempursuanttotlﬁsact.:-.- :
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APPENDIX J

0

FIVE-YEAR PLAN FOR POSTSECONDARY EDUCATION

The necessity for coordination and planning in postsecondary
education has been given attention in the formation of public policy.
The California Education Code and the Five-Year Plan for
Postsecondary Education: 1976-1981, contain the necessary impetus
for the formation and adoptionm of the engineering Advisory

" Committee. The following Code provisions relate to the Commission on
Postsecondaty Education: -

", .To assure the effective utilization of public

postsecondary education resources, thereby eliminating waste
and unnecessary duplication; and to promote diversity,
innovation and responsiveness to student and societal needs
through planning and coordination."

". . .to facilitate 'participation of faculty members,
students, administrators, and members of the general public in
carrying duties and responsibilities.'"

The Code has further def?%ed Commission functions and

iresponsibilities. under Section 22712. Those sections most

applicable to the concept of the Engineering Advisory Committee are

presented herein: ' . ’

:fE‘ "The Commission _shall have the following functions and
responsibilities ¥n its csﬁfcixy as the statewide postsecondary
education planning and codvdinating agency and adviser to the
Legislature and Governor:» .

"(2) It shall prepare.a five~yed? state plan for postsecondary

education . . .. In developing such plan, the commission shall

consider at least the following factons:_

(a) the need for a location of new facilities,.

~ : .
(b) the range and kinds of programs appropriate to each
Jdnstitution or system, a

the budgetary priorities of the institutions. and
systems of postsecondary education, "

the impact of various types and levels of student
charges” on students and on postsecondary educational
programs and institutions,

; .
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(e) appropriate levels of state-funded student financial
aid, -

(f) access and admissions of students to postsecondary
education,

(g) the educational programs and resources of pr1vate
postsecondary- 1nst1tutﬁons and

(h) the provisions of this d1v1s1on d1fferent1at1ng the
functions of the pub11c systems of higher education.

“(8) It shal] serve as a stimulus to the- segments and
institutions of postsecondary education by projecting and
identifying sdcietal and,educational needs and encogzag1ng
adaptability to change.
"(9) It shall develop and submit plans to the Legislature and
the Gover or for the funding and administration of a program to
encourageAinnovative educational programs by institutions of
postsecondary educat1on -

"an fi shall per1od1ca11y ri;gé@ and make recomriendations
concerning the need for and availability of postsecondary
programs for adult and continuing education.

"(12) 1t shall develop criteria for evaluating the.
effectiveness of .all aspects of postsecondary education.

"(2n) It may undertake such other functions and
responsibilities as are compatible with its role .as the
statewide postsecondary education planning and coordinating
agency."

The Engipeering Advfkory Committee would enable the Commission to
fulfill Sore effectively its broad responsibilities and perform its
varied functions as outlined in the California Education Code. The
proposed system would_also make possible the accomplishment of State
goals for postsecondary education found in the Eive-Year Plan for
Postsecondary Education in Ca]1forn1a 1976-1981. 1Ihese include:

Encourage,_ the lncreased effectiveness of accreditation of
postseconﬂgry education institutions in the State;

Encourage postsecondary education to deve]op a combrehen$1ve
system of valid-measures for knowledge gained both inside and-
_ outside formal academic programs: .




“

N

EhCOUrage the establishment of educational requirements for

.licensure that are appropriate and reasonable in certifying

occupational competency and the development of means for
and competency testing; and

Work toward public .understanding of thé‘ nature and
significance of academic degrees, including their strengths

-and Timitations as a measure of ability and skills.

Finally, under " Section 22710.5, Chapter 5.5 of the California
Education Code, . . - -

R}

’

s . . . o
"The commjssion may appoint such subcommittees or ;%%isory

‘committees as it deems necessary -to advise it on matters of

educational policy. :Such-advisory committees may con'sist of

commission members or non*members or both, including students, .

faculty members, segmental representatives, governmental
representatives, and representatives of the public."

Thus, the California Education Code contains the elements necessary
for the-establishment bf the Engineering Advisory Committee within
the Commission.

"meeting these requirements including both educational prgprams_'

-




